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T h is  w ork i s  an a t te m p t  t o  p ro v id e  a  b io c h e m ic a l  r a t i o n a l e  
f o r  any c l i n i c a l  ohanrres w h ich  may o c c u r  d u r in g  th e  t r e a tm e n t  o f  
p a t i e n t s  s u f f e r i n g  fro m  th e  t o x ic  am b ly o p ias^  p a r t i c u l a r l y  to b a c c o  
‘a m b ly o p ia  and L e b e r 's  h e r e d i t a r y  o p t ic  a tr o p ty *
C y an id e  i s  presum ed to  be  an im p o r ta n t  c a u s e  o f  th e  v i s u a l  
f a i l u r e  fo u n d  i n  t h e s e  c o n d i t i o n s   ^ and th e  p a t i e n t s  may have a  d e f e c t  
i n  th e  m echanism  f o r  th e  d e t o x i f i c a t i o n  o f  c y a n id e »  The m ajo r 
m e ta b o l i te  o f  c y a n id e  i s  th io o y a n a te ^  and m easu rem en ts  o f  p la sm a  
and u r i n a r y  th io c y a n a t©  t h e r e f o r e  p ro v id e  a  c o n v e n ie n t  g u id e  to  
t h e  p a t i e n t s *  m e ta b o lism  o f  c y a n id e .
The p r e v i o u s ly  u n s a t i s f a c t o r y  c o l o r i m e t r i c  p ro c e d u re  f o r  
th io c y a n a t©  h a s  b e en  im proved  fo l lo w in g  th e  s u g g e s t io n s  o f  B ark  & 
H ig so n  ( 1 0 The m ethod f o r  c y a n id e  e s t im a t io n  i s  s t i l l  n o t
c o n p le ta ly  s a t i s f a c t o r y  g b u t  i s  now g r e a t l y  in p ro v e d  by  th e  i n t r o - ’ 
d u ^ t io n  o f  a  m io r o d i f f u s io n  te c h n iq u e  g u s in g  th@ :iBark & H ig so n  -r- 
c o lo u r  r e a c t io n *
M easu rem en ts  w ere  made o f  p la sm a  th io o y a rx a te  l e v e l s  i n  a  
g ro u p -o f  20 no rm al sm okers?  and w ere  s i g n i f i c a n t l y  h ig h e r  th a n  th o s e  
in  a  g ro u p  o f  10 norm al n o n -sm o k ers  (P  < 0*025)*
The l e v e l s  o f  p la sm a  th io c y a n a t©  i n  18 u n t r e a te d  to b a c c o  
am b ly o p ia  p a t i e n t s  and i n  12 u n t r e a te d  L e b e r 's  h e r e d i t a r y  o p t i c  a t r o p h y  
p a t i e n t s  w ere  fo u n d  to  b e  s i g n i f i c a n t l y  lo w e r  th a n  th o s e  fo u n d  i n  th e
no rm al sm okers ( P < 0*001)* An im p a irm e n t o f  th io o y a n a te  e x c r e t i o n  
was a l s o  o b se rv e d  i n  th e s e  p a t i e n t s *
A f te r  4  m onths in t r a m u s c u la r  b y d ro x o co b a lam in  th e ra p y ?  th e  
p la sm a  th io o y a n a te  l e v e l s  o f  t h e s e  p a t i e n t s  r o s e  s i g n i f i c a n t l y  euid 
ap p ro ach ed  th o s e  o f  th e  n o rm al sm okers* T h e re  w ere  a l s o  i n c r e a s e s  i n  
' u r i n a r y  th io o y a n a te ?  im provem ent in  th io o y a n a te  e x c r e t i o n  and 
im provem en ts i n  v is io n *
S even  to b a c c o  a m b ly o p ia  p a t i e n t s  w ere  t r e a t e d  w i th  an o r a l  
p r e p a r a t i o n  o f  hyd.roxocobalam in« A f te r  4  m onths? 3 o f  th e  g ro u p  
showed i n c r e a s e s  i n  p la sm a  and u r in a r y  th io o y a n a te  s i m i l a r  to  t h a t  
o b to 3.ned w i th  th e  in t r a m u s c u la r  th e ra p y *
S ix  to b a c c o  am b ly o p ia  p a t i e n t s  w ere  t r e a t e d  w i th  an o r a l  
c y s t in e  p r e p a r a t i o n  a t  a  d o se  o f  4 .0  gm* p e r  day* i^ f to r  4  m onths 
t r e a tm e n t?  t h e r e  w ere  s r lm ila r  i n c r e a s e s  i n  p la sm a  ai:d w i n a r y  t h i o -  
c y a n a te ?  and s a t i s f a c t o r y  v i s u a l  im provem ent in  3 o f  th e  group*
U s in g  a  f l u o r o m e t r i c  p ro c e d u re ?  r e d  c e l l  g l u t a t h io n e  ].e\nels 
•were m easu red  i n  32 to b a c c o  am b ly o p ia  p a t i e n t s  and w ore fo u n d  to  b e  
s ig n r l f i c a n t l y  lo w e r th a n  th o s e  fo u n d  i n  34- n o rm al ( n o n -am b ly o p ic )  
s u b j e c t s  o f  s i m i l a r  a g e s  (P < 0 * 0 1 )*  S e q u e n t ia l  m easu rem en ts  o f  r e d  
c e l l  g l u t a t h io n e  and p la sm a  th io o y a n a te  w ere  made i n  p a t i e n t s  
r e c e i v i n g  t r e a tm e n t?  and th e  r e s u l t s  s u g g e s t  a  p o s s i b l e  re la tio n ™  
s h ip  b e tw een  th e s e  t*v/o f a c t o r s *
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SECTION ONE,
CmERAL INTRODUCTION
BIOCHEMICAL ASPECTS OP THE STUDIES
Q yanide io n s  a re  o k e m ic a lly  and 'b io lo g ic a l ly  v e ry  a c t i '9© ? 
and a re  n o rm a lly  ' q u ic k ly  m e ta b o lise d  to  l e s s  t o x ic  compounds » The 
m easurem ent o f c y a n id e  in  p lasm a i s  d i f f  i o u l t ?  b o th  in  th e  te c h n iq u e  
req u iïred  ? and in  th e  m ean in g fu l i n t e r p r e t a t i o n  o f  th e  r e s u l t s .  
S tu d ie s  o f  th e  m etabo lism  o f  c y an id e  a re  t h e r e f o r e  b e s t  c a r r i e d  
out. i n d i r e o t l y ? by exam in ing  th e  more s t a b l e  p r o d u c ts  o f i t s  
d e t o x i f i c a t i o n  *
A lth o u g h  th e  u l t im a te  m e ta b o l i te  o f  c y ^ i id e  i s  carb o n  
d io x id e  in  exq^ired aiz''? th e  m ajor p r o p o r t io n  o f  exogenous o r  
endogenous c y a n id e  i s  e x c re te d  in  th e  u r in e  a s  th io o y a n a te ?  form ed 
by  co m b in a tio n  m t h  some su lp h u r  souz'ce w i th in  th e  body* B oth  
th e s e  s u b s ta n c e s  may a ls o  e n te r  th e  body from  certain exogenous 
s o u rc e s  (e*g* d i e t ?  to b a c c o  smoko? e tc * )*  Cysrd.de may a ls o  be 
p ro d u ced  from  c e r t a i n  b a c t e r i a l  g row th  w i th in  c lo s e d  c a v i t i e s ,  such  
a s  u r in a r y  d i v e r t i c u l a ?  sad i n t e s t i n a l  b l.ind  loops^  ( s e c  P ig*  i* )<
The c o n v e rs io n  o f  c y a n id e  to  th io o y a n a te  i s  accom plished  
e n z y m a tic a lly ?  by th io s u lp h a te  ; c y a n id e  s u lp h u r t r a n s f e r a s e  
(E ,C ,2 o8*1 o 'U ) 5 a ls o  known a s  riio d an ese  ( Lang.ICo ?1933) and by  
3-m e rc a p to o y ru v a te  ; cj^anide s u lp h u r tr a n s fa ra .s e  ( i k C ,28®  1 . 2 . )
SOURCE; and METAKXISM W CN" and SCN '
F o o d s tu f f s  - ■ ^
T o b a c c o  ' v  1 - c c rb * A y l ic  a c i d
l * C c ^ | ( n  2 - i r m n o - 4 - t h * « i a l i d i n «
S m o k e   --------_  ^
M e t a  
Pool
' E n z y m ic
^ T h io c y a n o  +  C y s t* * #  
a la n in e
\--N M .
T h io cy o n o  
p y r u v a t e
D i e t  ^ S C N  /  C o b ( C N ) — *  C N N  C yst ine  \
^  u \
Cyste ine  /f^yruvate
\S?Xc''
,  L „  \
T h io cy a n a te  / 
C o n cen t r a t in g  ^  
M ec h a n ism s  
e.fl. S a l iva ry  '
G  land  ,
B - m e f c o p to  /  S C N  
p y r u v a t e /
C N
p y r u v a t e  P y r u v a t e
To K r e b s '  /  
C y c l e  /
/  T h i o s u l p h a t e
+ C N
R h o d a n e s e
C o b ( C N )
V A'
S CN
S C  N +  S u l p h i t e
2 - i m i n o - 4 - t h i a z o l i d i n e  
SULPHATE c o r b o x y l i c  a c i d
EXCRETED in the URINE
1 c- The Souroev^ M ala  K e ta b o l i e  R o u tes  f o r  Qv»-aioide 
aud Thiooyanate®
#WittiJ4re»ïl»liie»1Si«'Jlfr#rxa:.IAflCZMïS*.rtï^Vr-rTii<'‘0r^<l4t»llT>Wr#
« 2 -
( F i e d l e r  & ¥/ood,193^)* T h is  c o n re r s io a  has been  shown to  ta k e  
p la c e  in  th e  m ucosa o f  th e  a ].im en ta ry  t r a c t ,  i n  th e  l i v e r ,  i n  th e  
k id n q y s  a s  w e l l  a s  in  o th e r  t i s s u e s  (C lem ed so n ,S o rb o , & U l lb e r # ,  
1960) ( s e e  F ig s .  1 -1 . & 1 - 2 . ) .
t r a n s a m in a t io n
L -o y s te ln e  — — ^- mei ' oapt opyr uvat e  — — th io s u lp h a t e  -s*
+ SOI 
\
su lp h u r \
t r a n s f e r a s e  \
p y ru v a te
CN”  + 
rh o d a n e se
SON + P y ru v a te  SO3 + SON
F ig .  1-2* “ E naym atio  C onversion  o f  C yan ide  to  T h io o y a n a te
w  ,1 n i r i i r m .  i t  ii nifi,i*iimn rn rir i ,rn - ir rT « ir f  nr»mn~iniiirrfi«7TTfiri-n»inrTnniirrr if ii<ri“fTr-i -miii-i f  n - r r r ttr rr r rr^ '—r - m —nTYrru  nTnnrnTriirtrmTtntinitrrTdEUF niii m r ii i—iiririr-iiTÏÏiTftTiTiTTrtnrTijr iirrnrnri-»
A n other in d e p e n d e n t way in  w hich  c y a n id e  may bo d d to z i f i e d  
i s  th e  r e a c t i o n  w ith  c y s t in e  to  y i e l d  c y s te in e  and jS^thiocyano*» 
a la n in e  ( F o i g t l i n  e t  a l . , 1926), L a te r  w o rk e rs  showed t h a t  th e  
l a t t e r  tau to m erlB o s  to  2 - & im in o th ia zo lid in e -A -o a rb o x y lio  a c id  
( S chober 1 ,Kawoh]., & Hamm,1 931 ) ,  o r t o  th e  e q u iv a le n t  2 - im in o » 4 - 
t h i a z o l i d i n e  c a i 'b o x y lio  a c id  (Wood & C o o ley , 1 936). The B - th io c y a n o -  
a la n in e  may a ls o  undersro d e am in a tio n  to  fo rm  th io c y a n o p y ru v a te , 
w hich  can  b e  d eg rad ed  to  p y ru v a te ,  ( s e e  F i g s .  1 -1 . & 1 -3* )»  The 
c y s t in e  may be d e r iv e d  from  o th e r  su lp h a r-co n ta in irif» - amino a c id s ,  
su ch  a s  m e th io n in e , h o m o cy s te in e , c y s ta th io n in e ,  and c y s t e i n e , 
or, from  c y s t in e  d is u lp h id c  r e s id u e s  i n  p r o t e i n s  ( C a ts im p o o las & 
W ood;196^f)*
S-CH CH(NH.)C00H NGSOH CHCOOH on -CH.COOH OH -ÇH.COOH
2 2 , jrtKT  j.. 1 2  1 2 I I 2
8-GH C H (m  )COOH 8 S |tH
CN ——^  j I I i&iç
\ /  \  ;  
f  INHg m
F i g .  1-3» “ D e to x i f i c a t io n  o f  C yanide w ith  C y s t in e .
iHTiii w i M n it i r t "  " f i i n iiT ii-r~ itr iii mi—     i t i u n m»*- n ~ r n n " ' '1 ' — i i r n ' Ti m-  " ' -iii r *iT-r— n 1—r r - ~  "~r
C yanide may a ls o  be  in c o rp o ra te d  i n to  th e  1 -c a rb o n  
m e ta b o lic  p o o l ,  p e rh a p s  v j.a  c o m b in a tio n  w ith  hyd roxocobalam in  
(B oxer & R ic k a rd s ,  1952; Wokes & P i c a r d ,1 955)• ( s e a  F ig .  1 - 1 . )
D e to x i f i c a t io n  o f  C yan ide  w ith  Bliodanese
In  1932 , Lanff d is c o v e re d  an enzyme w h ich  c a ta ly s e d  th e  
c o n v e rs io n  o f  cyem ide to  th io c y a n a te  in  th e  p re s e n c e  o f  th io s u lp h a te  
(Lo-ngjICo g1933) o He named th e  ens^nne " rh o d a n e s e " , th e  e n d in g  "e sc "  
im p ly in g  t h a t  th e  c o n v e rs io n  i s  a  s y n t h e t i c ,  i r r e v e r s i b l e  p r o c e s s ,  
th u s  -
HCN *s* y HSCN MAgSO ^
T h is  anzyme i s  p a r t i c u l a r l y  a c t iv e  i n  mammalian l i v e r  and 
k id n e y , b u t  has a ls o  b een  d e te c te d  in  m ost mammalian t i s s u e s  
(Himwich & 8 a u n d e rs ,1  9W ;Benajrd e t  a l . , 1 948 ; S au n d e rs  & H iiim ioh,
1 930)* R hodanese a c t i v i t y  h as  a ls o  been  r e p o r te d  i n  p l a n t s ,  and in  
a  number o f  b a c t e r i a .  In  m aum alian t i s s u e s ,  rh o d a n e se  i s  m ain ly  
a s s o c ia te d  w ith  th e  m ito c h o n d ria  (Ludewig & C h a n u tin ,1  930;Sox*bo, 
1 9 5 1 a ), . .
The enzyme i s  i n h ib i t e d  by c y an id e  and s u l p h i t e ,  i f  th e y  
a re  added to  th e  ens;^mia p r i o r  to  th io s u lp h a te  (Lang^K. ,1 949;
S au n d ers  & Hinrwlch,1 950 ;S orbo ,1  951 a) ; and i n h i b i t i o n  by  th e s e  
compounds i s  p re v e n te d  by  c y s te in e  (Soj:bo,1 951 a ) *, S au n d ers  0:
Hirmvich p ro p o sed  t h a t  th e  enzyme form ed a  lo o s e  com bination, w i th  
t h io s u lp h a te  w hich  th e n  b re a k s  down to  y i e l d  su lp h u r  i n  a  form  
a c c e p ta b le  to  th e  cyanide- io n .  They e x p la in e d  t h a t  th e  i n h i b i t o r y
- 5-
e f f e c t  o f  c e r t a i n  s u lp h u r - c o n ta in in g  compounds su c h  a s  sodium  
s u lp h id e ,  d i t h i o b i u r e t  and c y s te in e  co u ld  be due to  th e  b lo c k in g  o f  
th e  enzyme so  t h a t  i t  c an  n o t combine w ith  t h io s u lp h a t e .
S orbo  ( 1951b ) su g g e s te d  t h a t  rh o d a n e se  c o n ta in s  an  a c t iv e  
d i s u lp h id e  g roup  ( r a t h e r  th a n  sulphJr^ydryl g i'oups) w hich  c o u ld  
a c c o u n t f o r  th e  f a c t  t h a t  c y a n id e  and s u l p h i t e  b o th  i n h i b i t  
rh o d a n e se  when added b e fo r e  th io s u 3 .p h a te , r e a c t i n g  w i th  th e  
enzyme to  fo rm  i n a c t i v e  co m p lex es* ’.
S zczepkow ski (1 9 6 1 a) su g g e s te d  t h a t  a  d o u b le  d is p la c e m e n t 
m echanism  c o a id  e x p la in  th e  v a r io u s  r e a c t i o n s  c a ta ly s e d  by  
rh o d a n e s e . T h is  was co n firm ed  by  Green à W e s tle y  (1 9 6 1 ) ,  who 
showed p o la ro g ra p h ic a l . iy  t h a t  one mole o f  rh o d a n e se  r e a c t s  w ith  
s u l p h i t e  o f  c y a n id e  to  fo rm  two m oles o f  t h io s u lp h a t e  o r  t h i o ­
o y a n a te . They co n c lu d ed  t h a t  th e  c r y s t a l l i n e  enzyme i s  a  com plex 
( r h o d a n a s e ) ,  w h ich  c o n ta in s  two atom s o f  l a b i l e  s u lp h u r  p e r  
m o le , and w h ich  i s  form ed from  th io s u lp h a te  and rh o d a n e s e , th e  
o v e r a l l  r e a c t i o n  b e in g  d e s c r ib e d  th u s  -
R hodanese •{-' 2880^ R hodanese—8p ‘J-* 230^
R hodanese-S^   ^ 2CN R hodanese 4 28GN
. A lth o u g h  G reen & W estley  w r i t e  th e  second  e q u a tio n  above
a s  a  r e v e r s i b l e  r e a c t i o n ,  Sorbo (1953c) has c o n firm ed  th e  e s s e n t i a l
i r r e v e r s i b i l i t y  o f  th e  r e a c t i o n .  W estley  & Nakamoto (1962) eoafirmieci
•“6—
th e  e x is te n c e  o f  l a b i l e  s u lp h u r  in  rh o d a n e se  by  d e m o n s tra tin g  th e
t r a n s f e r  o f fro m  r a d i o a c t i v e  th io s u lp h a te  t o  th e  enzyme*
T re a tm e n t o f  th e  l a b e l l e d  enzyme w ith  c y a n id e , s u l p h i t e ,  t r i c h lo r o -
1*35 1
a c e t i c  a c id  o r  h e a t  r e l e a s e d  th e  [ S j j i n  th e  c a s e  o f  c y a n id e  and
s u l p h i t e ,
35
S “l a b e l l e d  th io o y a n a te  and th io s u lp h a t e  r e s p e c t i v e l y  
w ere  fo rm ed . From a k i n e t i c  a n a ly s i s  o f th io c y a n a te  fo rm a tio n  by  
rh o d a n e s e , M in te l  & W estley  ( 1 966a) w ere a b le  t o  deduce  t h a t  th e  
s c i s s i o n  o f th e  s u lp h u r  - s u lp h u r  bond i s  th e  r a t a - l i m i t i n g  s t e p  i n  
o v e r a l l  c y a n o ly t ic  r e a c t i o n .
L ang ,K . (1933) su g g e s te d  t h a t  rh o d a n e se  may f u n c t io n  in  
mammalian t i s s u e s  i n  c y a n id e  d e t o x i f i c a t i o n ,  and t h i s  v iew  h as  
b e e n ■ e x p re s s e d  by  a number o f  w o rk e rs  from  tim e  to  tim e* B ^ a r d  e t  
a l .  ( 1948) d e m o n s tra te d  t h a t  th e  to x ic  a c t io n  o f  c y a n id e  on y e a s t  
re a p  inrat io n  i s  r e v e r s e d  by  l i v e r  e x t r a c t s ,  i n  th e  p re s e n c e  o f  
t h io s u lp h a t e ,  and a  s im i l a r  r e - a c t i v a t i o n  o f  c y a n id e - in h ib i te d  
mammalian cy tochrom e o x id a se  by rh o d an ese  was r e p o r te d  by Sorbo 
( 19570)* I n  Te d e n i t r i f i c a n s ,  rh o d a n e se  a c t i v i t y  i s  in c r e a s e d  
s e v e r a l  f o l d  by th e  in c lu s io n  o f  c y a n id e  in  th e  g ro w th  medium, 
i n d ic a t i n g  a p o s s ib le  r o l e  f o r  t h i s  enzyme i n  c y a n id e  d e t o x i f i c ­
a t i o n  (Bowen e t  a l * , 1965)* T h e re  i s  no d i r e c t  e v id e n c e , how ever, 
t h a t  th e  p r im a ry  f u n c t io n  o f rh o d an e se  i s  in  c y a n id e  d e t o x i f ­
i c a t i o n ,  an d , m o reover, th e  h ig h  a c t i v i t i e s  in  some mammalian 
t i s s u e s  a p p ea r to  be  in c o n s i s t a n t  w ith  th e  e x tre m e ly  low l e v e l s  
o f ■ c y a n id e  to  w hich  th e  o rvah ism s a re  n o rm a lly  ex p o sed .
- 7*
O xidase
F o llo w in g  upon th e  w ork of Lang,K . (1 9 3 3 ) ,  G o ld s te in  & 
R ie d e rs  (1953) w ere  a b le  to  show t h a t  th e  e r y th r o c y te s  o f man, d o g , 
r a b b i t  and r a t  c o n ta in  an enzyme c ap a b le  o f p ro d u c in g  c y a n id e  
from  th io c y a n a te ,  th e  r e v e r s e  o f  rh o d an ese  a c t i o n .  They showed 
t h a t  th e  new enzyme was n o t  i d e n t i c a l  w ith  rh o d a n e s e , b o rn e  o u t  
by  th e  f a c t  t h a t  rh o d a n e se  p r e p a r a t io n s  d id  n o t  c a t a ly s e  th e  
fo rm a t io n  o f  c y a n id e  from  th io c y a n a te ,  and t h a t  th e  optimum 
te m p e ra tu re  f o r  th e  new enzyme o f 5 6 ^ 0 , ,c o m p le te ly  i n a c t iv a te d  
rh o d a n e se . The enzyme d e s c r ib e d  by G o ld s te in  & H ie d e rs  i s  a b le  to  
fo rm  ab o u t 1 % c y a n id e  from  a g iv en  amount o f  th io c y a n a te  r a t h e r  
s lo w ly , oven u n d e r o p tim a l c o n d i t io n s ,  w h ile  rh o d a n e se  i s  a b le  to  
c o n v e r t  c y a n id e  to  th io c y a n a te  a lm o st q u a n t i t a t i v e l y  and w ith  
g r e a t  r a p i d i t y .
B enard e t  e l .  (19^-8) showed t h a t  rh o d a n e se  i s  p r e s e n t ,  
a d m it te d ly  in  n e g l i g i b l e  am ounts, in  e ry t lo ro c y te s , w hich  G o ld s te in  
and R ie d e rs  su g g e s te d  w ere th e  s o le  so u rc e  o f th e  new enzymco
S in c e  th e  new enzyme appeared  to  o x id is e  th io c y a n a te  to  
c y a n id e , G o ld s te in  & R ie d e rs  d ec id ed  t h a t  i t  m igh t p ro p e r ly  be  
named th io c y a n a te  oxidase®
R e c e n t ly ,  how ever, t h i s  enzyme has bean  shown to  he 
m ere ly  due t o  p e ro x id a s e  a c t i v i t y  o f haem oglobin  (Chung 6  Wood, 
1971) ( s e e  a ls o  ? i v .  1™1®)
3-m ero a p to p y r u r a t  a su lp h u r  t r a n s f e r a s e .
Wood & F i e d l e r  (1933) r e p o r te d  t h a t  l^m ero ap to p y ru v e .te  
r e a c t s  w ith , c y a n id e  to  fo rm  th io o y a n a te  i n  th e  p re s e n c e  o f  c ru d e  
e x t r a c t s  o f  a c e to n e  pov/ders o f  p ig  l i v e r  ( r e a c t i o n  1 .)*  Th(%r 
a t t r i b u t e d  t h i s  a c t i v i t y  to  rh o d a n e se , b u t  l a t e r  work showed t h a t  
i t  i s  due to  a  s e p e r a te  and s p e c i f i c  enzyme ( S o rb o ,1934 ;F l e d 1e r  & 
W ood,1956)0 M ies t e r  e t  a l .  (1934) showed t h a t  r a t  l i v e r  and o th e r  
t i s s u e s  c o n v e r t  3^ m erca p to p y ru v a te  to  p y ru v a te  and e le m e n ta l  
su i.phu r ( r e a c t i o n  2 .) *  Sorbo (1937b) d e m o n s tra te d  th e  t r a n s f e r  o f  
s u lp h u r  from  3 -m e rc a p to p y ru v a te  t o  s u l p h i t e  o r s u lp h in a te s  by  r a t  
t i s s u e s  to  fo rm  th io s u lp h a te  and th io s u lp h o n a te s  r e s p e c t iv e ly  
( r e a c t i o n  3*) T hese  t h r e e  d e s u lp h u ra t io n  and t r a n s s u lp h u r a t io n  
a c t i v i t i e s  have s in c e  b een  shown to  be c a ta ly s e d  by a s in g l e  
enzym e, 3 " mer cap tc p y r  u v a t e su lp h u r  t r a n s f e r a s e  (Kuh & F a n s h ie r ,
1 938,1 939a?1 939b) and may be  r e p re s e n te d  th u s  {F ig o  1 ) e
G ir  _8GN
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3-m ere a p to p y ru v a t© p y ru v a te
The enzyme i s  p r e s e n t  in  many an im al t i s s u e s  and in  
b a c t e r i a  and a p p e a rs  t o  b e  s p e c i f i c  f o r  3*™Uiercaptopyruvate.
Kim & F a n s h ie r  (1959b ) and F ans h i e r  & Kurx (1962) p ro p o se d  a  
m echanism  f o r  ^""^(^roaptopyruvate s u lp h u r fc ra n s fe ra s e  in v o lv in g  
th e  fo rm a t io n  o f  an e n z y m e - tr is u lp h id e  o r  p e r  s u lp h id e .  The l a t t e r  
r e a c t e d  e i t h e r  w i th  an a c c e p to r  (CN , ) ,  o r  decom posed to
enzyme and e le m e n ta l  su lp h u r*  Sorbo ( 1 957b) had e a r l i e r  s u g g e s te d  
t h a t  th e  fo rm a t io n  o f a  p e r s u lp h id e  in te rm e d ia te  and drew  a t t e n t i o n  
to  th e  f a c t  t h a t  a l l  a c c e p to r s  f o r  t h i s  r e a c t i o n  have s t r o n g  
S - n u c le o p h i l io  p r o p e r t i e s .  B y lin  & Wood (1959) showed t h a t  
3 -m e rc a p to p y ru v a te  s u lp h u r t r a n s f e r a s e  r e a c t s  w i th  3™ mercapto- 
p y ru v a te  to  fo rm  a  n o n -d ia ly sa b l©  su lp h u r-en zy m e  com plex , w hich  
can  s u b s e q u e n t ly  r e a c t  w i th  c y a n id e  to  fo rm  th io c y a n a te .  On th e  
b a s i s  o f th e s e  r e s u l t s ,  a  d o u b le  d isp la c e m e n t m echanism  s im i l a r  
to  t h a t  p ro p o se d  f o r  rh o d a n e se  a p p e a rs  t o  be  i n d ic a t e d  f o r  3 -m ercap to  
p y ru v a te  s u l p h u r t r a n s f e r a s e ,  th u s  -
R—SH E E—S 4 R“H
m e rc a p to p y ru v a te  p y ru v a te
E-S  t  a c c e p to r  S-o.G oeptor ^  E
enzyme
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m t p M f i c a t i o n  o f  C yanide Cy_.gtine.^
C yan ide  may a ls o  be d e to x j i 'ie d  b e  r e a c t i n g  w ith  c y s t in e  
to  y i e l d  c y s te in e  and J ^ th io c y a n o a la n in e  (compound 1 . )  ( V b ig t l in  
e t  a l * , 1926)* L a te r  w o rk e rs  w ere a b le  t o  show t h a t  th e  l e t t e r  
ta u to m e r is e s  to  2 - a m in o th ia z o l id in e -4 - c a rb o x y l io  a c id  (conpound 2 . )  
(S o h o b e rl,K aw o h l, & Hamm,1 9 5 1 ) , o r to  th e  e q u iv a le n t  2-lniino-4*" 
t h i a z o l i d i n e  c a rb o x y l io  a c id  (coiipound 3*)
NCS-CH„-CH"COOH H„C— -CH~COOH HoO--- OH—COOH
2 j 2 Ï I t  I
• NHL S N S  NH
^ \  /  \  /0 c
( 1 0  ( 2 0  ’(5 o )
The c h e m ic a l p r o p e r t i e s  o f t h i s  c y a n id e - c y s t in e  r e a c t i o n
p ro d u c t  have b een  s tu d ie d  in  g r e a t  d e t a i l  b y , e a r l i e r  w ork e rs
(S c h o b e r l  & Hamm, 1 9ifB; A ld rid g e  ,1 9511 B e h rin g e r  & 2 i l l i k e n s ,1  951 ) * 
o f th e  s t r u c t u r e  a s  2 -im in o * > -4 -th ia so lid in e  c a r  boxy l i e  a c id  ('Food &Jjy.btsi' ÎS L.UU./.eît'à uu V/iACl J. vuuu u .^ wi^ jyv^ x uuu J, VX luu-cu u j„On
of th e  s t r u c t u r e  a s  2 -im in o * > -4 -th ia so lid in e  c a r  boxy l i e  a c id  ('Food & 
C o o ley ,1 956)* The compound was found  to  be m eta b o l i e a l l y  i n a c t i v e  
when f e d  to  r a t s  o r  when i n j e c t e d ,  b u t ,  on t r e a tm e n t  vd.th a c id ,  a 
sm a ll  amount o f  th i,o c y a n a te  was -produced* Wood & C ooley  w ere 
f u r t h e r  a b le  to  p ro v e  t h a t  i n  r a t s ,  80 -90  % o f  i n j e c t e d  c y a n id e
—1 1 •*
co u ld  be i s o l a t e d  i n  th e  u r in e  a s  th io c y a n a te ,  and up to  13 a s  
i r a in o th ia z o l id in e  o a rb o x y l ic  a c id ,  s u p p o r t in g  e a r l i e r  work ,(V o ig t l in  e t  ; 
1926) show ing t h a t  c y s t i n e ,  i n j e c t e d  i n to  th e  b lo o d s tre a m  o f r a t s ,  
iiT im ediately b e fo r e  a  su b -c u ta n e o u s  i n j e c t i o n  o f  c y a n id e , v/as a b le  
t o  p r o t e c t  th e  a n im a ls  from  m inim al l e t h a l  d o se s  o f  c y a n id e . When
?r *
-^ -^ 8 - l a b e l l e d  c y s t in e  was i n j e c t e d  i n to  th e  r a t  im n^odlately  b e fo r e  
th e  c y a n id e , Wood & C ooley  w ere a b le  to  show t h a t  th e  s p e c i f i c  
a c t i v i t y  o f  th e  2 - im i  no - 4 - 1 h i  a z o l  id  i  ne c a r  boxy l i e  a c id  was ab o u t 
15 t im e s  t h a t  o f  th e  th io o y a n a te .  Twenty th r e e  p e r  c e n t  o f th e  
l a b e l  was in  th e  im in o th ia s o l id in e  and 2 % was i n  th e  th io c y a n a te .
S in c e  c y s t in e  d o e s  n o t s e rv e  a s  a  s u b s t r a t e  f o r  rh o d a n e se  d i r e c t l y  
( s e e  F ig .  1 - 1 . ) ,  th e  l a b e l l e d  th io o y a n a te  m ust h ave  been  p roduced  
su b se q u e n t to  th e  m e ta b o lic  a l t e r a t i o n  o f  th e  i n j e c t e d  c y s t i n e .
[33,When th e  s u lp h u r  p o o l was l a b e l l e d  by fe e d in g  S| - l a b e l l e d  
m e th io n in e , th e  m ost r a d io a c t iv e  p ro d u c t o f c y a n id e  d e t o x i f i c a t i o n  
was th io c y a n a te .
T h io o y a n a te  may a ls o  be  produced  from  ^ “ th io o y a n o a la n in e  
form ed by th e  r e a c t i o n  o f  c y a n id e  and c y s t in e .  T h is  oori^ound may 
undergo  d e a m in a tio n  t o  fo rm  th io c y a n o p y ru v a te , w hich  may th e n  bo 
f u r t h e r  d eg rad ed  to  p y ru v a te  and th io o y a n a te  ( s e e  F ig ^  1“ 1 .)o
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D e t o x i f i c a t i on o f  C yan ide  w ith  V ita m in B 12 .
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The f a c t  t h a t  c o n d i t io n s  su c h  a s  m e n s tru a t io n ,  p re g n a n c y , 
and l a c t a t i o n ,  w here  t h e r e  i s  an  in c re a s e d  re q u ire m e n t f o r  v i ta m in  
B 1 2 , c a u se  an in c r e a s e  i n  th io cy an a t©  e x c r e t i o n ,  makes i t  l i k e l y  
t h a t  v i ta m in  B 12 may be in v o lv e d , d i r e t t l y  o r i n d i r e c t l y  i n  th e  
fo rm a t io n  o f  th io o y a n a te  in  th e  body . T h is  was c o n firm ed  by  th e  
f i n d in g  t h a t  d i e t a r y  d e f ic ie n c y  o f . v i ta m in  B 12 le a d s  to  in c re a s e d  
th io c y a n a t©  e x c r e t io n  (Wokes e t  a l . , 1953)* and t h a t  i n j e c t i o n s  o f 
s u b - l e t h a l  d o se s  o f  c y a n id e  cau sed  a  s i g n i f i c a n t  d e p le t io n  o f th e  
r a t  l i v e r  s t o r e s  o f  v i ta m in  B 12 , in d ic a t in g  t h a t  i t  m igh t th e r e f o r e  
be an  im p o r ta n t  d e to x i f y in g  a g e n t i n  c y a n id e  p o is o n in g  (S m ith ,
1961 ) .
S tudy  of th e  c h e m is try  o f  v ita m in  B 12 and i t s  a n a lo g u es  
has r e v e a le d  th e  p re s e n c e  o f  c o b a l t  i n  an o rg a n ic  c o - o r d in a t io n  
com plex , by  means o f  w h ich  c y a n id e  c an  be ta k e n  up . S p e c tro p h o to -  
m e t r ic  s t u d i e s  on th e  e f f e c t  o f  l i g h t  on cyanocobalara in  r e v e a le d  
a sy s tem  th u s  -
l i g h t
Qy anoo ob a lam in  Hy d r  oxoc ob al aim. n
GN"
i n  w h ich  th e  c y a n id e  i s  r e a d i l y  ta k e n  up and l i b e r a t e d  a c c o rd in g  
to  th e  e x p e r im e n ta l  c o n d i t io n s ,  in c lu d in g  pH and ex p o su re  to  
l i g h t  (Vemr e t  a l . ,  1930fF okes e t  a l , , 1955)» The p ro p o s a l  by
- 13"
M u sh e tt e t  a l*  (1 9 3 2 ) ,  t h a t  v i ta m in  B 12 i s  an  e f f e c t i v e  a n t id o te  
t o  c y a n id e  p o is o n in g  i n  m ice , even  up to  8 t im e s  th e  norm al 
m in im al l e t h a l  d o s e , does assume t h a t  th e  v i ta m in  o c c u rs  in  th e  
b y d r0X0" fo rm , w h ich  can  be r e p la c e d  by th e  c^^ano- form* In d e e d , 
Wokes e t  a l ,  ( 1933) have shown t h a t  am poules o f  c y an o co b a lam in , 
p u r p o r t in g  to  h o ld  100 mg* o f  cy an o co b alam in , c o n ta in e d  v a ry in g  
p e rc e n ta g e s  o f  th e  h y d ro x o - form *
U n d o u b ted ly , some o# th e  v ita m in  B 12 i n  th e  human l i v e r  
e x i s t s  a s  ly d ro x o c o b a la m in , b u t ,  even assum ing  t h a t  a l l  o f  th e  
v i ta m in  B 12 o c c u rs  i n  t h i s  fo rm , th e  t o t a l  amount would s t i l l  be 
l e s s  th a n  1000 ;ug, (D ro u e t e t  e l . , 1933)* and th e  amount o f  c y an id e  
w hich  c o u ld  be  d e to x i i 'ie d  would b e  e q u iv a le n t  to  ab o u t 25 jug* T h u s, 
th e  d e t o x i f i c a t i o n  o f  in g e s te d  amounts o f c y a tiid e  i s  p resu m ab ly  
e f f e c te d  in  th e  l i v e r ,  m a in ly  by th e  enzyme rh o d an ese*  I t  i s  n o t 
c o lo u re d ,  and p re su m a b ly , d oes n o t  c o n ta in  c o b a l t ,  w h ich , in  
v i ta m in  B 1 2 , t a k e s  up cy an id e*  B oth rh o d a n e se  and %d.t£mdn B 12 
o ccu r to g e th e r  i n  many o rg an s  and o rg a n ism s , and t h e i r  f u n c t io n s  
a r e  th e r e f o r e  p ro b a b ly  c lo s e ly  i n t e r r e l a t e d *
Wokes & P ic a r d  (1955) s w g e s te d  a l y p o t h c t i c a l  c y c le  to  
e x p la in  th e  i n t e r a c t i o n s  o f c y a n id e , rh o d a n e se  and v i ta m in  B 12 
( s e e  F ig ,  1 -5 * )
In  th e  l i v e r ,  hyd roxocoba landn  (GobOIi) and rh o d a n e se  a re  
assum ed to  com pete f o r  c y a n id e , and some wi'J.l be  ta k e n  up by  th e  
h y d ro x o co b a lam in , c o n v e r t in g  i t  to  cyanocobalam in  (CobCN-)* The
«*i 4«™
l a t t e r  c an  th e n  c a r r y  o u t  i t s  v a r io u s  m e ta b o lic  f u n c t i o n s ,  one o f 
w hich  may b e  th e  su p p ly  o f e s s e n t i a l  o n e -c a rb o n  f ra g m e n ts  f o r  th e  
s y n th e s i s  o f  l a b i l e  m e th y l groups*
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F ig*  1-5o “  Scheme o f  C yan ide  U t i l i s a t i o n  ( a f t e r  WOkes & P ic e r
The m e ta b o lic  a c t i v i t y  o f th e  c a rb o n  o f  c y a n id e  was 
r e p o r te d  b y  S te k o l  & W eiss (1 9 5 0 ) , and l a t e r  by  B oxer & R icksird s 
( 1952) who r e p o r te d  t h a t  Y/hen (21 was g iv e n  to  do o s , th e  
c a rb o n  c o u ld  be q u ic k ly  d e te c te d  i n  th e  e x h a le d  c a rb o n  d io x id e ,  in  
c h o l in e ,  i n  th e  u re id o  c a rb o n  o f  a l l a n t o i n ,  a s  w e l l  a s  i n  cy an o - 
cobalam iuo The c y c le  i s  com p le ted  v/hen some o f  th e  c y a n id e  i s  
l i b e r a t e d  from  th e  eyanoooba-lam n , th e re b y  r e g e n e r a t in g  th e  
hydroxocobalaiidn*  The c y a n id e  in  th e  l i v e r  n o t  ta k e n  up by th e  
IgYdroxoGobalaiuin w i l l  b e  c o n v e r te d  to  th io o y a n a te  by rh o d a n e s e , 
w i th  th e  h e lp  oi‘ s u lp h u r  d o n o rs  such  a s  sa lphux’ amino a c id s ,  o r  
th e  p ro d u c ts  o f th e  m etab o lism  o f su ch  amino a c id s#  H o l s t e r  &
F r i e s  (1 9 4 9 ) showed t h a t  th e  th io c y a n a te  i s  m ain ly  e x c re te d  i n  th e
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u r i n e ,  w i th  v e ry  l i t t l e  in  th e  faeo es*
T h is  su g g e s te d  m echanism  c o u ld  e x p la in  th e  in c r e a s e d  
■th io c y a n a te  e x c r e t io n  o b se rv e d  in  s u b je c t s  s u f f e r i n g  fo rm  a  d i e t a r y  
d e f i c ie n c y  o f  v i ta m in  B 12 , v/ho, b e ca u se  o f  t h e i r  s h o r ta g e  o f  th e  
v i ta m in ,  would n o t b e  a b le  to  u t i l i s e  a s  much c y a n id e  a s  i n  th e  
above c y c l e ,  and w ould th e r e f o r e  have to  ex o ra t©  more c y a n id e  a s  
th io c y a n a te  * The h y p o th e s is  p u t  fo rw ard  b y  Wokes & P ic a r d  a l s o  
o f f e r s  a  p o s s ib l e  e x p la n a t io n ’ o f  th e  in v o lv em en t o f  v i ta m in  B 12 in  
th e  m e tab o lism  o f  c e r t a i n  s u lp h u r  amino a c id s .  The co b a lam in  c y c le  
makes a v a i l a b l e  c y a n id e  r a d i c a l s  f o r  th e  p ro d u c t io n  o f  l a b i l e  
m e th y l g ro u p s  o r  o th e r  o n e -c a rb o n  f ra g m e n ts , f o r  exam ple , f o r  th e  
c o n v e rs io n  o f  h o m o cy ste in e  to  m e th io n in e , a f u n c t io n  o f v i ta m in  B 
12 now w id e ly  a c c e p te d .  In  v ita m in  B 12 d e f i c i e n c y ,  more c y a n id e  
w ould have  to  be  c o n v e r te d  to  th io c y a n a te  by th e  rh o d a n e se  sy s te m , 
th e re b y  in c r e a s in g  th e  need f o r  sulphur* d o n o rs . I f  m e th io n in e  
i t s e l f  w ere  th e  d o n o r , any in c r e a s e  i n  d e t o x i f i c a t i o n  by rh o d a n e se  
v?oul.d d im in is h  th e  l i v e r  r e s e r v e s  o f  m e th io n in e  * H artm an (1 949a, , b ) , 
s tu d y in g  th e  e x c r e t io n  o f  th io c y a n a te  i n  p a t i e n t s  w i th  l i v e r  
d i s e a s e ,  was a b le  to  show t h a t  m e th io n in e  cau  a c t  a s  s u lp h u r  donor 
in  th e  d e t o x i f i c a t i o n  o f  c y a n id e  compounds by  rh o d a n e s e , I f ,  on 
th e  o th e r  hand , c y s t e in e  o r  c y s t in e  w ere th e  d o n o r , t h i s  w ould 
a ls o  le a d  to  m e th io n in e  d e f i c ie n c y ,  on th e  assu jL P tion  t h a t ,  in  th e  
p re s e n c e  o f  v i ta m in  B 1 2 , b o th  c y s te in e  and c y s t in e  can a c t  a s  
p r e c u r s o r s  o f  m e th io n in e , a s  has been shoTm in  X eu rospo ra  and
—16—
o th e r  m ic ro o rg a n ism s . I n  th e  system  ( s e e  F ig#  1 - 6 . ) ,  th e  s u lp h u r  
o f  c y s te in e  i s  t r a n s f e r r e d  to  hom oserine , fo rm in g  c y s t a t h io n i n e ,  
w hich  u n d e rg o e s  c le a v a g e  to  h o m o cy s te in e , th e  p r e c u r s o r  o f  m e th io n in e . 
The sy s tem  i s  a  r e v e r s a l  o f th e  norm al m e ta b o lic  pa thw ay  fro m  
m e th io n in e  to  c y s t e i n e ,  and i s  b e lie v e d  n o t to  o c c u r  i n  h ig h e r  
a n im a ls ,
CH^8mpCHgCH( m g  ) COOH — > H8GH^CH^CH(m2 )COOH 4 H0GH2CH( ) COOH
m e th io n in e  hom ocyste ine  s e r i n e
4/
CHpŒi2GH(mp)COOH
I ' c y s ta th io n in e
8CH2CH(NH2)mOH
HSCHg® ( ™ 2  ) <^0 ° ^  + HOCHgCHgCHC Ifflg ) COOH 
c y s te in e  hom oserin©
p i g .  1 "6* -  M echanism o f S u ln h u r t r a n s f e r  be tw een  M e th io n in e  & G y s te in
Wokes & P ic a r d  f u r t h e r  observed  t h a t  th e  e x t r a  amount o f 
th io c y a n a te  s p lp h u r  e x c re te d  in  v ita m in  B 12 d e f ic ie n c y  ap p ea red  to  
b e  to o  sm a ll to  a p p re c ia b ly  e f f e c t  th e  l i v e r  s t o r e s  o f s u lp h u r  
amino a c id s .  In  v i t r o  e x p e rim e n ts  have shown t h a t  th e  e f f i c i e n c y  o f  
th e s e  a c id s  a s  su lphuir d o n o rs  i s  v e ry  low , corrpared  w ith  t h a t  o f 
sodium  th io s u lp h a t e  (H iiw /ioh & 8 au n d erS g 1 9 4 8 ;8 o rb o ,1 9 5 5 )e  b u t  t h a t  
i t  s t i l l  rem a in s  u n c e r t a in  w h e th er n a tu r a l l y  o c c u r r in g  s u b s ta n c e s  
o th e r  th a n  th e s e  amino a c id s ,  ox' r e l a t e d  s u b s ta n c e s  su c h  a s
*“ 1 7 *"
g lu ta th io n e  can  s e rv e  a s  s u lp h u r  donors* I n  a d d i t io n  to  th e  f i n d in g s  
o f H artm an ( 1 949&,b) t h a t  m e th io n in e  o r c y s te in e  a re  a b le  to  a c t  
a s  s u lp h u r  d o n o rs , w ork on sheep  by  B la k e ly  & Coop (1 9 4 9 ) h a s  shown 
t h a t  c y s t in e  a s  w e l l  a s  th io s u lp h a te  can  a c t  a s  a  s u lp h u r  dono r i n  
th e  c o n v e rs io n  o f  c y a n id e  to  th io c y a n a te  by  rh o d a n e se . I t  may be  
t h a t  th e  s u lp h u r  amino a c id s  do n o t a c t  d i r e c t l y ,  b u t  oa),y a f t e r  
o x id a t io n  to  one o f  th e  in te r m e d ia te  s ta g e s  i n  theiz^ m etab o lism  to  
s u l p h i t e ,  s u lp h a te ,  and th io s u lp h a te  ( s e e  F i g .  1 -1 .)*  T h is  low 
e f f i c i e n c y  o f  th e  s u lp h u r  amino a c id s  le d  Wokes & P ic a r d  to  su g g e s t  
t h a t  th e  rh o d a n e se  sy s te m  in  th e  body may r e q u i r e  a  l a r g e  e x c e s s  o f  
th e s e  i n  o rd e r  t o  f u n c t io n  a t  an e f f e c t i v e  r a t e .
The o b s e rv a t io n  by B oxer & R ic k a rd s  (1952) t h a t  c y a n id e  
c an  b e  shown to  c o n t r i b u te  o n ly  a m inor f r a c t i o n  o f  th e  r e q u i r e d  
o n e -c a rb o n  m e ta b o l i t e s ,  le d  them  to  p u t  fo rw a rd  an a l t e r n a t i v e  
h y p o th e s is  to  d e a l  w i th  th e  q u a n t i t a t i v e  a s p e c ts  o f  th e  s tu d y .
B oxer & R ic k a rd s  showed th a t  body t i s s u e s  c o n ta in  much more
th io c y a n a te  th a n  c y a n id e , an d , from  th e  r e s u l t s  o f in  vitxxo
e x p e r im e n ts , th e y  su g g e s te d  t h a t ,  in  th e  p re s e n c e  o f  t h i s  l a r g e  
e x c e s s ,  i"iydroxocobalami.n may ta k e  up th io c y a n a t©  to  fo rm
th io c y a n a to o o b a la m in  (GobSCN)(see F ig* 1 -7* )*  T h is  form  o f  v i ta m in
B 12 has b een  fo und  to  b e  a s  e f f e c t i v e  a s  c y an o - and IiydroxocobalajTiin
i n  th e  th e ra p y  o f  p e r n ic io u s  anaem ia and in  g row th  p ro m o tio n  o f
v a r io u s  m ic ro o rg an ism s used  to  m easure v i ta m in  B 12 a c t i v i t y  (}3uhs
e t  a l . ,  1951)
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7«, “ Hyr:>Gth6tical Sulpiuo? T ra n s fe r  C yc le  (^ C te r  Wokes S: P ic a r d )
They su g g e s te d  t h a t  th io o y a im to o o b a lam in  u n d er p h y s io l ­
o g ic a l  c o n d i t io n s  r e v e r t s  t o  cyanocobalam in  ^  g iv in g  up i t s  s u lp h u r  
t o  an a c t iv e  in te rm e d ia te *  *'Z^S to  form  '*SX*'* w hich  c o u ld  b e  a  
p r e c u r s o r  o f  b i o l o g i c a l l y  im p o r ta n t s u lp h u r - c o n ta in in g  compounds* 
su c h  a s  s u lp h u r  amino a c id s*  and g lu ta th io n e *  The cy anocobalsm in  
th e n  c o m p le te s  th e  c y c le  by r e g e n e r a t in g  hydx’oxocobalairdn* and th e  
c y a n id e  th u s  l i b e r a t e d  w i l l  b e  c o n v e rte d  by rh o d a n e se  to  th io c y a n a te  
and a g a in  be a v a i la b le  f o r  th e  cyc le*  I f *  a s  th e y  su g g e s t*  t h i s  
m echanism  o p e ra te s  in  th e  fo rm a tio n  o f  m eth ion ine*  i t  may invol-'vo 
a  r e a c t i o n  betw een  h o m o serin s  and ’’SX*’ t o  g iv e  hom ooyBteine w hich  
m e th y la te d  to  m e th io n in e . T h is  mechanism i s  an a lo g o u s t o  t h a t  i n  
N eu ro sp o ra  ( s e e  F ig*  1 -6 * )*  w ith  "8X" ta k in g  th e  p la c e  o f c y s te in e  
i n  su p p ly in g  th e  s u lp h u r  to  hom oscrine* A l te r n a t iv e ly *  i f  m e th io n in e  
w ere th e  s u lp h u r  donor* t h i s  mechanism w ould d e m o n s tra te  how
v i ta m in  B 12 may c a t a l y s e  th e  norm al t r a n s u lp h u r a t io n  r e a c t io n *  
m e th io n in e  h o m o cy ste in e  c y s ta th io n in e  c y s te in e *
The c y c le  s u g g e s ts  a  way i n  w hich  s u lp h u r  may be made 
a v a i l a b l e  by  v i ta m in  B ,12 f o r  th e  s y n th e s i s  o f  s u lp h u r - c o n ta in in g  
amino a c id s  and r e l a t e d  com pounds. I t  a ls o  show s, a s  a l r e a d y  p o in te d  
o u t ,  t h a t  i f  c y s te in e  o r  c y s t in e  w ere th e  s u lp h u r  d o n o rs , how 
s u lp h u r  may b e  t r a n s f e r r e d  from  th e s e  d o n o rs  v i a  th io o y a n a te  to  
ho m o cy ste in e  and hence  to  m e th io n in e .
T h u s , th e  f in d in g s  o f  Wokes & P ic a r d  s u p p o r t  th e  e x is te n c e  
o f  a  c y c le  i n  w h ich  m inu te  q u a n t i t i e s  o f  c y a n id e , i n  c o n ju n c t io n  
w ith  v i ta m in  B 1 2 , can  a c t  a s  c a r r i e r s  o f s u lp h u r  i n  r e l a t i v e l y  
l a r g e  am ounts. The p ro p o se d  c y c le  i s  n o t p u t  fo rw a rd  a s  an 
a l t e r n a t i v e  to  m echanism s in v o lv in g  th e  s y n th e s i s  and u t i l i s a t i o n  o f  
l a b i l e  m eth y l g ro u p s  and h e n ce , amomcy o th e r  t h i n g s ,  th e  l a s t  s ta g e  
o f m e th io n in e  s y n t h e s i s ,  v is«  hom ocyste ine  m e th io n in e . T h e re  i s  
much e v id e n c e  v /h ich  s t r o n g ly  s u g g e s ts  t h a t  t h i s  i s  one o f th e  
f u n c t io n s  o f v i ta m in  B 12 (K ratir.ar,1  9 5 3 ;8 te k o l  e t  a-1. ,1 953ÎS m ith ,
1 9 % ) . C lo s e ly  r e l a t e d  to  t h i s ,  i s  th e  e v id e n c e  t h a t  v i ta m in  3  12 
i s  in v o lv e d  i n  th e  c o n v e rs io n  of g ly c in e  to  s e r i n e  w hich  i s  im p o r ta n t  
a s  a  p r e c u r s o r  o f  c y s t e in e ,  and hence o f g lu ta th io n e  (A rn s te in  & 
N e u b e rg e r, I 9 5 3 )a
.O th e r  w o rk e rs  have shown th a t  vd/bamin B 12 i s  in v o lv e d  in  
th e  r e d u c t io n  o f d i s u lp h id e  l in k a g e s  t o ,  and th e  m ain ten an ce  o f ,  
s u lp h y d ry l  g ro u p s , f o r  exam ple i n  hom ocystedne and g l u ta t h io n e ,
- 2 0 "
b o th  i n  v i t r o  and i n  v iv o  (D u b rx o ff,1 9 5 0 a ,b ,1 951 >L ing  & Chow,1953) • 
T h u s , v i ta m in  B 12 may p la y  an im p o r ta n t  p a r t  i n  th e  
g e n e r a l  m e tab o lism  o f  s u lp h u r ,  and a s  a  r e s u l t ,  b e  in v o lv e d  i n  
th e  d e t o x i f i c a t i o n  o f  cy an id e*
- '2 1 -
R e a c tio n  o f  C yanide w ith  P ro te in *
I t  i s  w e l l  known t h a t  c y a n id e  c an  r e a c t  w i th  p r o t e i n  in  
v i t r o  (P a s G h e le s ,1 8 9 ^ ) . F o llo w in g  up t h i s  w ork , C a ts im p o o la s  & Yfood 
( 1964) s tu d ie d  th e  r e a c t i o n  o f cy an id e  w ith  b o v in e  serum  a lbum in  
(BSA) to  a s s e s s  th e  f a c t o r s  a f f e c t i n g  th e  r e l e a s e  o f  th io o y a n a te  
from  p r o t e i n .  They showed t h a t  th e  r e a c t i o n  y i e l d s  th io o y a n a te *  
o n ly  u n d e r a lk a l i n e  c o n d it io n s *  The fo rm a tio n  o f  th io o y a n a te  may 
a r isO ' fro m  th e  d e c o m p o s itio n  o f  th e  t i i io c y a n o a la n in e  m o ie ty  form ed 
from  c le a v a g e  o f  c y s t in e  d i s u lp h id e  bonds w i th  c y a n id e , and al.so 
by  c y a n o ly s is  o f th e  p e r s u lp h id e  r e s u l t i n g  from  th e  a l.k a l.in e  
d e g ra d a t io n  o f  th e  p ro te in *  The p e rs u lp h id e  i s  p ro b a b ly  a t r i s u l .p h id e  
wW.ch i s  form ed from  th e  i n i t i a l  d e g ra d a t io n  p r o d u c t .  The in c r e a s e s  
i n  th io o y a n a te  y i e l d  w ith  pH, suggeéits t h a t  a l l  d i s u lp h id e  bonds in  
th e  in ta x î t  p r o t e i n  a rc  n o t  r e a d i l y  a c c e s s ib le  to  a t t a c k  by c y a n id e . 
C yanide p ro d u ced  4  t o  5 m oles o f  th io o y a n a te  p e r  m ole o f  BSA a t  
pH 8«0 , 13 t o  14 a t  pH IO 0O, and 18 a t  pH 12*0o At pH 7 * 0 , w here 
no a lk a l i n e  d e g ra d a t io n  e f f e c t  i s  e x e r te d ,  o n ly  4  bonds a re  b ro k en  
in  th e  n a t iv e  p r o t e i n ,  no th io o y a n a te  i s  fo rm e d , b u t  th la z o l ic l in e  
g ro u p s a re . form ed in s te a d  o f  th io c y a n o a la n in e o  They shov/ed from  
m odel s t u d i e s ,  t h a t  fo rm a tio n  o f th e  i ia in o th ia z o l id in e  r i n g  i s  
o f te n  acconrpanied by  c le a v a g e  o f an a c y l group  from  c y s t in e  d e r i v ­
a t i v e s .  S h n i l îx r ly ,  fo rm a t io n  o f th e  im in o th ia z o l id in e  r i n g  on 
p r o t e i n s  c a u se d  c le a v a g e  o f  a  p e p tid e  bond a t  th e  c y s t in e  amino g ro u p .
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T obacco Smoke a s  a  P o s s ib l e  S o u rc e  of C yan ide .
T h ere  have  b een  r e p o r t s  s u g g e s t in g  t h a t  th e  m easurem ent o f 
th io o y a n a te  i n  body f l u i d s  m ig h t be  used  a s  an  in d e x  o f  a  
p h y s io lo g ic a l ly  s i g n i f i c a n t  ex posu re  to  c i g a r e t t e  sm oke. Sm okers 
e x h ib i te d  h ig h e r  th io o y a n a te  l e v e l s  in  body f l u i d s  th a n  d id  n on - 
sm okers. (Law ton e t  a l .  ,1 9 4 3 ;T ra so ff  & 8chneeberg*19 '^ li-;M aliszew ski 
& Bass*1 9 5 5 ;S to a* 1 9 5 7 ;W ilso n  M att hew s, 1 9^6) * T h is  i s  th o u g h t t o  
b e  th e  r e s u l t  o f  d e t o x i f i c a t i o n  o f  c y a n id e  e n te r in g  th e  body v i a  
in h a le d  to b a c c o  sm oke, w hich  i s  knov/n to  c o n ta in  c y a n id e  in  
s i g n i f i c a n t  c o m o e n tra t io n s  (O sborne a t - a l . ,1 9 5 6 ;Jo h n s to n e  & P lim m er, 
1959; UoS, S urgeon  g e n e r a l 's  re p o r t ,1 9 & 4 ) , The number o f c i g a r e t t e s  
b o u g h t o r u sed  may n o t b e  p e r f e c t l y  c o r r e l a t e d  v^dth a c t u a l  
exposu i'e  to  th e  co m bustion  p ro d u c ts ,  s in c e  i n d iv i d u a l s  v a ry  
^ ^ e a t ly  i n  t h e i r  h a b i t s  o f  u s a g e , such  a s  l e n g th  o f  c i g a r e t t e  
sm oked, o r  d e p th  o f  in h a la tio n ®
M a lisz e w sk i <& B ass (1955) s tu d ie d  th e  l e v e l s  o f th io c y a n a te  
in  p la sm a , s a l i v a ,  u r in e  and- sw ea t o f  sm okers and non-smokers® They 
showed t h a t  th.e h ig h e r  v a lu e  o f  th io o y a n a te  i n  sm okers (3™6 f o ld )  
i s  p ro b a b ly  a s s o c ia te d  w i th  sm oking d i r e c t l y ,  a s  c e s s a t io n  o f  
sm oking was accom panied by a  g ra d u a l  b u t m£o?ked d e c re a s e  i n  th e  
l e v e l  o f  th io o y a n a te  in  a l l  body f lu id s®  The p lasm a  th io o y a n a te  
c o n c e n t r a t io n  f a l l  to  ab o u t 39 o f th e  l e v e l s  f o r  sm oking c o n t r o l s  
by  th e  t e n t h  d a y , s a l i v a r y  l e v e l s  d ropped  to  appx^oxim ately 50 }L o f
Piosma 
Th iocyanate 
Conc en t ra t ion  
jj  mole/1.
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o f  c o n t r o l s  j and u r in a r y  e x c r e t io n  dropped  more th a n  30 The 
r e c o v e r y ,  a f t e r  sm oking 'vvas resum ed , was fo und  to  o c c u r  a t  a  s lo w e r 
r a t e  th a n  th e  f a l l  d u r in g  non-sm oking .
The w ork o f  M a lisz e w sk i & B ass was s tu d ie d  more c lo s e ly  
in  t h i s  w o rk , when a  v o lu n te e r  s u b je c t  s to p p e d  sm oking , and a g g re ed  
to  w eek ly  b lo o d  sam ples b e in g  ta k e n  o f f  f o r  th io o y a n a te  e s t im a t io n .  
P i g .  1 -8 .  shows th e  norm al r a n g e s  o f  th io c y a n a te  in  p la sm a  f o r  
b o th  norm al sm okers and norm al n o n -sm o k ers , and f o l lo w s  th e  ch an g es 
i n  p lasm a  th io c y a n a te  in  th e  norm al s u b je c t  v/ho s to p p e d  sm oking fm* 
7 wweks, and th e n  resum ed . The l e v e l  o f th io c y a n a te  f e l l  ra% )ldly 
a f t e r  c e s s a t i o n  o f sm oking, th e n  e q u i l i b r a t e d  w i th in  th e  norm al 
ra n g e  f o r  n o n -sm o k e rs . A f te r  re su m p tio n  o f  sm oking , th e  v a lu e  o f 
th io c y a n a te  r o s e  a t  a  s lo w e r r a t e  th a n  t h a t  o f  th e  f a l l  d u r in g  
a b s t in e n c e ,  arrprreeirig w ith  th e  f in d in & s o f H a l is s e w s k i  & B a ss .
As a c o n t r o l ,  t i i io o y a n a te  e s t im a t io n s  w ere  a ls o  c a r r i e d  
o u t on p lasm a  fro m  o th e r  s u b j e c t s ,  b o th  sm okers and n o n -sm o k ers .
The r e s u l t s  w ere  found  to  ag g re e  w ith  th e  a c c e p te d  v a lu e s  o f 
p la sm a  th io c y a n a te  f o r  sm okers and non-snx)kers.
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T h is  work h as 'been d i r e c te d  to w ard s  p ro v id in g  a. 
b io c h e m ic a l  r a t i o n a l e  f o r  any c l i n i c a l  ch anges o c c u r r in g  d u r in g  th e  
t r e a tm e n t  o f p a t i e n t s  s u f f e r in g  from  th e  to x ic  am b ly o p ia s , 
p a r t i c u l a r l y  to b a c c o  am blyopia  and Leber* s  h e r e d i t a r y  o p t ic  a tro p h y , 
The o p t ic  n e u ro p a th y  o f d i a b e te s ,  th e  r a r e r  o p t i c  n e u ro p a th y  o f  
p e r n ic io u s  an aem ia , and th e  v a r io u s  n u t r i t i o n a l  o p t ic  a t r o p h ie s ,  
althouprh n o t m en tioned  in  any g r e a t  d e t a i l  h e r e ,  a l s o  b e lo n g  to  
t h i s  g roup  o f c o n d i t io n s .
Many w o rk e rs  have su g g e s te d  t h a t  c y a n id e  i s  im p o r ta n t  
i n  th e s e  c o n d i t io n s ,  coming from  to b acco  sm oke, o r  c e r t a i n  f o o d s ,  
e .g e  t r o p i c a l  p u l s e s  ( C la r k ,  193^;M ontgom ery,1 9 6 4 ), o r  may b e  th e  
r e s u l t  o f i n f e c t i o n  by  c e r t a i n  c y a n id e -p ro d u o in g  o rgan ism s (S m ith ,
1 964) o T hese  c o n d i t io n s  a re  a s s o c ia te d  w ith  a  p ro b a b le  f  ailui^Q by 
th e  p a t i e n t  to  d e to x i f y  th e  c y an id e  lo ad  to  w hich  th e y  f i n d  them ­
s e lv e s  s u b je c te d .  T h is  f a i l u r e  may r e s u l t  fro m  an in h e r i t e d  d e f e c t  
in  th e  p ro c e s s  n e c e s s a ry  f o r  th e  m etabo lism  o f  c y a n id e , a s  h as 
been  su g g e s te d  f o r  L e b e r 's  h e r e d i ta r y  o p t ic  a t r o p h y , o r  from  an 
a b s o lu te  d e p le t io n  o f  body v ita m in  B 12 , a s  in  p e r n ic io u s  anaem ia , 
n u t r i t i o n a l  d e f ic ie n c y  and m a la b so rp tio n  s ta te s* .-  
Tobacco A m blyopia.
Tobacco h a s  been  a s s o c ia te d  w ith  am blyop ia  s in c e  
M acK en z ie 's  o b s e rv a t io n  in  t h a t  a b s te n t io n  fro m  to b ac co
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allov jed  v i s u a l  im provem ent. A lthough  c y a n id e  h a s  lo n g  b een  r e c o g ­
n is e d  a s  a  c o n s t i t u e n t  o f  to b a c c o  smoke (Lehmann & G-underman,19 1 2 ) , 
Leislim an (1951 ) was one o f  th e  f i r s t  to  s u g g e s t  t h a t  th e  a g e n t 
r e s p o n s ib le  f o r  to b a c c o  am blyop ia  may be o th e r  th a n  n i c o t i n e .
The c y a n id e  in  to b a c c o  smoke h as  b een  s u g g e s te d  a s  a  c a u se  
o f  th e  v i s u a l  f a i l u r e  in  to b a c c o  am blyop ia  and in  L e b e r 's  h e r  e d i t  ar^r 
o p t i c  a tro p liy  (7fokes,1 958; He a t  on e t  a l .  ,1 9 5 8 ; S m ith , 1 961 ; 'Y ilson ,1  963? 
1965)0 I t  was Wokes who fo c u s s e d  a t t e n t i o n  on c y a n id e , and so  
i n i t i a t e d  r e s e a r c h  in to  th e  c o m p le x it ie s  o f c y a n id e  and v i ts jn in  
B 12 i n t e r r e l a t i o n s h i p s  in  th e s e  c o n d i t io n s .
As m en tioned  e a r l i e r ,  sm okers show h ig h e r  p lasm a  th io c y a n a te  
l e v e l s  th a n  do n o n -sm o k ers , even as h1.gh a s  3“"6 f o l d .  The mean 
p la sm a  th io c y a n a te  c o n c e n tr a t io n  o f  20 no n -am b ly o p ic  sm okers was 
fo u n d  in  t h i s  l a b o r a to r y  to  b e  65 :t-33«0  / .m o le /l*  (C h isho lm  & 
P e ttig re w p 1  970) .  T h is  was s i g n i f i c a n t l y  h ig h e r  th a n  th e  mean, 
c o n c e n tr a t io n  o f  32 + 16*0 ^ m o le / l .  found  in  18 non-sm okers 
( P (  0.001 ) .  The mean p lasm a  th io c y a n a te  c o n c e n t r a t io n  i n  26 un­
t r e a t e d  to b a c c o  am blyop ia  p a t i e n t s  was fo u n d  to  be  28 + 12*0 
^ m o le /1 , p w hich  i s  s i g n i f i c a n t l y  ].ower th a n  th e  c o n c e n tr a t io n  
fo und  in  th e  non«am blyopic sm okers (P <  0 .0 0 1 ) ,  b u t  was no d i f f e r e n t  
from  th e  c o n c e n tr a t io n  fo u n d  in  th e  n o n -sm o k e rs .(P >  0 .0 1 ) .  T h is  
was s u r p r i s in g ?  s in c e  th e  to b a c c o  am blyop ia  p a t i e n t s  in  g e n e r a l ,  
smoked more h e a v i ly  th a n  d id  th e  non-am blyop io  sm okers, and 
would t h e r e f o r e  be  e x p e c te d  to  e x h ib i t  h ig h e r  p lasm a th io c y a n a te
« 2 6 —
l e v e l s .  T h is  w ould s u g g e s t  t h a t  th e  to b ac co  am b lyop ia  p a t i e n t s  
have a  re d u c e d  a b i l i t y  to  c o n v e r t  cy an id e  to  th io o y a n a te ,  and m u st, 
th e r e f o re j ,  have in c r e a s e d  am ounts o f d e te c t a b l e  c y a n id e  f r e e  i n  
th e  body f l u i d s .  W ilso n  & M atthew s ( I 966) v/ere a b le  to  show a  
n e g a t iv e  r e l a t i o n s h i p  be tw een  p lasm a c y a n id e  and t o t a l  serum  
v i ta m in  B 12 . O th e r w o rk e rs  have shown re d u c e d  c o n c e n tr a t io n s  o f  
v i ta m in  B 12 in  th e  serum  o f tobacco  am b lyop ia  p a t i e n t s  (H ea to n  
e t  a le  ,1 9 5 8 ;F o u ld s ‘ e t  a l * , 1969a )?  w hich w ould s u g g e s t  t h a t  th e r e  
may b e  r a i s e d  l e v e l s  o f  c y a n id e  in  th e  p la sm a  o f su c h  p a t i e n t s .
The mean c o n c e n t r a t io n  o f  c y a n id e  in  1 5 u n t r e a te d  to b a c c o  am b ly o p ia  
p a t i e n t s  o f  0 .61 ^ u m o le / l . , a s  found by C hisho lm  & P e t t ig r e w  (1 9 7 0 ) ,  
was h ig h e r  th a n  th e  c o n c e n t r a t io n  o f 0*22 yuinole/1 . found  by 
W ilso n  & M atthew s ( I 966) i n  h e a l th y  sm okers. The h o y /  a p p a re n t 
d i f f i c u l t i e s  i n  e s t im a t io n  of cy an id e  in  p lasm a  a t  th e  low  l e v e l s  
e n c o u n te re d , m ust make m ean in g fu l i n t e r p r e t a t i o n  o f th e s e  r e s u l t s  
e x tre m e ly  d i f f  lc u ] ,t*  Go nip a r i s e n  of th e s e  p la sm a  c y a n id e  r e s u l t s  
w i th  t o t a l  serum  v ita m in  B 12 d id ,  hoivever, show a  n e g a t iv e  
r e l a t i o n s h i p ,  w h ich  s u p p o r te d  th e  p rem ise  t h a t  e le v a te d  c o n c e n tr a t io n s  
o f  c y a n id e  i n  th e  p re s e n c e  o f red u ced  serum  v i ta n d n  B 12 l e v e l s  
may le a d  to  n e u r o lo g ic a l  ch an g es  ( S m ith jB u o k e ttj  & W a te r s , 1963;
W ilso n  6; M a tth ew s, 1 966) o
O nly a  v e ry  s m a ll  p ro i^ o rtio n  o f  a l l  sm okers c o n t r a c t  th e  
d i s e a s e .  C ig a rs  and c i« - a r e t t e s ,  e s p e c ia l ly  th e  l a t t e r ,  a re  o n ly  
r a r e l y  c a u s a l ly  a s s o c i a t e d ,  th e  sm oking o f s t r o n g  to b a c c o  in  p ip e s
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b e in g  th e  t y p i c a l  f in d in g *  The re a so n  f o r  th e  p rep o n d e ra n c e  o f  
p ip e  sm okers i s  n o t c e r ta in *  I t  has been  su g g e s te d  t h a t  one f a c t o r  
may be t h a t  th e  in c r e a s e  i n  th e  p ro p o r t io n  o f p ip e  sm okers t h a t  
o c c u rs  i n  m id d le  a g e , to g e th e r  w ith  th e  known d e c re a s e  i n  serum  
v ita m in  B 12 l e t e l s ,  makes th e  developm ent o f  am b lyop ia  more 
l i k e l y  i n  e l d e r l y ,  p ip e -sm o k in g  s u b je c ts *  I t  may a l s o  be t h a t  
p ip e  sm oking , u n l ik e  t h a t  o f  c i g a r e t t e s ,  c a u s e s  in c re a s e d  s a l i v a t i o n ,  
and th e  h a b i t u a l  " su c k in g "  o f  th e  p i p e ,  th e re b y  a llo w s  th e  
in g e s t io n  o f  a d d i t i o n a l ,  more c o n c e n tra te d  r o x in s  from  th e  m outh­
p ie c e  v i a  th e  sw allow ed s a l iv a *  I t  has been  shown t h a t  th e  ainount 
o f  to b a c c o  consumed by th o s e  who d e v e lo p  s iiib lyop ia  v a r i e s  
c o n s id e r a b ly ,  b u t  th e  u s u a l  h i s t o r y  i s  o f heavy  sm oking o v e r a 
iLeber* s  H e r e d i ta r y  O p tic  A trophy
Leber* s  H e r e d i ta r y  O p tic  A trophy
—«■■* , f..i«M...m.'nr]|TiifBjMWiLi 'a iiH ii ,i j' '.uFii tTi*invi hiiini-niii>n-n Tn iiirrtif-fT— -|—tititi i rcriTT ■ ir»iiMtfrm <r~:Hrf rt--i!r'fT;ftiTT
C lo se  co m p ariso n s  have been  drav/n b e tw een  to b a c c o  am blyop ia  
and Leber* s  h e r e d i t a r y  o p t i c  a tro p h y , b o th  in  i t s  c l i n i c a l  
f e a t u r e s ,  and in  i t s  mod© of p r e s e n ta t i o n  (S c h e p e n s ,1 9 4 6 ;F o u ld s , 
1969) .  W ilson  ( 1963 , 65) sp g g e s te d  t h a t  th e  d i s e a s e  m igh t b e  caused  
by  an i n h e r i t e d  d e f e c t  i n  th e  mechanism n e c e s s a ry  f o r  th e  d e to x ­
i f i c a t i o n  o f  cyan ide*
I t  i s  a  f a c t  t h a t  many o f  t h e  p a t i e n t s  d e v e lo p in g  
th e  symptoms o f  L e b e r’ s  o p t ic  a tro p h y -d o  sm oke, and a  lo w er th a n  
e x p e c te d  th io c y a n a te  l e v e l  i n  th e  p la sm a  o f su c h  p a t i e n t s  h as 
b een  d e m o n s tra te d  (W ils o n ,1965)* The mean p lasm a  th io c y a n a te  co n e-
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o o n t r a t io n  o f  38 + 3 2 y a m o le / l . ,  found i n  8 L e b e r 's  o p t ic  a tro p h y  
p a t i e n t s  who smoked (C h isho lm  & P e t t ig r e w ,  1 970) was no d i f f e r e n t  
fro m  th e  c o n c e n t r a t io n  fo u n d  i n  u n t r e a te d  to b a c c o  am b ly o p ia  p a t i e n t s ,  
b u t  te n d e d  to  be  lo w er th a n  t h a t  o f  th e  norm al sm o k ers . The r e s u l t s  
from  th e  sm okers in  p a r t i c u l a r ,  do su g g e s t t h a t  th e s e  p a t i e n t s  
r e v e a l  a  re d u c e d  a b i l i t y  to  c o n v e r t  c y a n id e  to  th io c y a n a te .  T h ere  
a r e ,  o f  c o u r s e ,  o th e r  s o u rc e s  o f  c y an id e  th a n  to b a c c o  sm oke, w h ich  
m igh t a c c o u n t f o r  th e  f a c t  t h a t  t h i s  d i s e a s e  c an  o c cu r i n  n o n - 
sm oking s u b j e c t s .
O p tic  N eu ro p a th y  o f  P e r n ic io u s  Anaemia,
The d e f e c t  in  v i s i o n  w hich accom pan ies th e  o p t i c  neuropath^'' 
o f  p e r n ic io u s  anaem ia i s  s i m i l a r  to  t h a t  fo u n d  i n  to b a c c o  am b ly o p ia , 
an d , i t  h a s  been  su g g e s te d  t h a t  th e  c o n d i t io n  i s  i d e n t i c a l  to  
to b a c c o  am b lyop ia  (F reem an & H e a to n ,1 9^1 ) .  The o r i g i n a l  d ia g n o s is  
depends upon w h e th e r  th e  p a t i e n t  p r e s e n t s  t o  an o p h th a lm o lo g is t  o r  
to  a  h a em a to lo ffis to  P o u ld s  e t  a l ,  ( 1969b ) have s t a t e d  t h a t  o f  a  group 
o f 63 p a t i e n t s  w ith  to b a c c o  am blyop ia , 11 w ere fo u n d  to  have 
p e r n ic io u s  an aem ia . Two o f  th e s e  p a t i e n t s  v /ere d iag n o se d  i n i t i a l l y  
a s  p e r n ic io u s  anaem ia and th© ocular* d e f e c t  a s s o c ia te d  a t  a  l a t e r  
d a te ,  w h ile  th e  o th e r  p a t i e n t s  w ere fo u n d  to  have p e r n ic io u s  
anaem ia d u r in g  t h e i r  t r e a tm e n t  f o r  to b a c c o  a m b ly o p ia . The o p t i c  
neui’opathj^ o f  p e r n ic io u s  anaem ia has a lh o  b een  r e p o r te d  i n  non­
sm oking s u b j e c t s  (Adams e t  a l . , 1 967) 1.
—29"' 
o f  D ia b e te s*
The o p t i c  n e u ro p a th y  o f d ia b e te s  a s  su c h , i s  r a r e ,  b u t ,  
a s  P o u ld s  e t  a l .  ( 1969b ) s u g g e s te d , i t  may be a  conmoner c a u se  o f  
v i s u a l  f a i l u r e  in  p a t i e n t s  s u f f e r in g  from  d ia b e te s  th a n  i s  g e n e r a l ly  
r e a l i s e d .  The v i s u a l  d e f e c t  i n  such  p a t i e n t s  t h e r e f o r e ,  may n o t  b e  
p e c u l i a r l y  a s s o c ia te d  w i th  d i a b e te s ,  b u t ,  i n  f a c t ,  may m ere ly  b e  due 
t o  to b a c c o  am b ly o p ia .
N u t r i t i o n a l  O p tic  A trophy*
I n t e r e s t  in  th io o y a n a te  h as  been  f u r t h e r  s t im u la te d  by  th e  
f in d in g  i n  p a t i e n t s  s u f f e r in g  from  a  c h ro n ic  d e g e n e ra t iv e  n e u ro p a th y  
( n u t r i t i o n a l  a t a x ic  n e u ro p a th y ) , w hich i s  common in  p a r t s  o f 
N ig e r i a ,  o f  an in c r e a s e d  c o n c e n tr a t io n  o f th io o y a n a te  in  p la sm a  and 
i n  u r in e  (O suntolcun,1 968;O suntokun e t  a l . , 1 968)* An a c u te  r e t r o b u lb a r  
n e u r i t i s  v /hich i s  p ro b a b ly  a  m a n if e s ta t io n  o f t h i s  same c o n d i t io n  in  
c h i l d r e n ,  i s  accom panied by s im i l a r  changes i n  th e  l e v e l s  o f  t h i o ­
oyanate*  B o th  th e s e  d i s e a s e s  a re  a s s o c ia te d  w i th  th e  lo n g - s ta n d in g  
consum ption  o f  laj.'g© am ounts of c a s s a v a  (m anioc t u b e r ) ,  w h ich  
c o n ta in s  l a r g e  am ounts o f th e  cyanogen ic  g ly c o s id e ,  l in a m a rin *  
H o s p i t a l i s a t i o n  o f th e s e  p a t i e n t s ,  w ith  th e  rem o v a l o f c a s s a v a  from  
t h e i r  d i e t ,  i s  accom panied by  a  d rop  in  th e  p la sm a  th io c y a n a te  
c o n c e n t r a t io n  from  th e  h ig h  valu© o f 85 yumole/lQ tow er'ds normal, 
l e v e l s ,  b u t  t h i s  t r e n d  i s  re v e r s e d  w hen-a r e t u r n  i s  made to  th e  
norm al d i e t .  O suntokun ©t a l«  ( I 968) have shown t h a t  t h i s  h ig h  l e v e l  
o f th io o y a n a te  in  p lasm a  i s  a s s o c ia te d  w ith  a  v e ry  low  le v e l
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o f  c y s te in e  c y s t in e  i n  th e  p la sm a , and th e y  su g g e s te d  t h a t  t h i s  
was due to  th e  u t i l i s a t i o n  o f  th o se  s u lp h u r  amino a c id s  fox* th e  
d e t o x i f i c a t i o n  o f  c y a n id e  d e r iv e d  from  th e  c a s s a v a ,  Such a d e to x ­
i f i c a t i o n  c o u ld , ta k e  p la c e  th ro u g h  th e  fo rm a t io n  o f 2*“im ino«4“ 
th ia z o l id in ©  c a r b o x y l ic  a c id  from  c y s t in e  ( s e e  P ig*  1 - 3 , ) ,  O suntokun 
e t  a l*  ( 1968) have th e r e f o r e  p roposed  to  u se  th e  s u lp h u r  amino 
a c id s  i n  th e  th e ra p y  o f th e s e  n e u ro lo g ic a l  c o n d i t io n s  w hich  c o u ld  
be  th e  r e s u l t  o f  c h ro n ic  i n to x i c a t io n  w i th  c y a n id e  d e r iv e d  from  
th e  c a s s a v a .
H ow ever, i t  m ust be  s t r e s s e d  t h a t  th e  d a i l y  in ta k e  o f  
c y a n id e  by  th e s e  p a t i e n t s ,  i n  p a r t i c u l a r ,  i s  i n  th e  o rd e r  o f  8 rng* 
(0*3  m .m ole) p e r  d a y , so  t h a t  th e  amount o f  c y s t ( e ) i n e  reo u rlred  f o r  
d e t o x i f i c a t i o n  m ust be  n e g l ig ib le  compared w i th  th e  am ounts o x id is e d  
d a i l y  to  p ro d u ce  th e  23 m .m oles of s u lp h a te  e x c re te d  e v e ry  day*
I t  i s  t h e r e f o r e  h a rd  t o  b e l i e v e  t h a t  th e  d a i l y  i n t a k e  o f 0*3 m.mole 
o f c y a n id e  would c a u se  a  s i g n i f i c a n t  d ro p  in  th e  l e v e l  o f c y s t ( e ) i n e  
i n  th e  p la sm a , u n le s s  a s e v e re  p r o t e in  d e f i c ie n c y  w ere a ls o  p re s e n t*
« 31. .
M éthods o f  T rea tm en t*
As s t a t e d  e a r l i e r ,  th e  m ajor m e ta b o l i te  o f  c y a n id e  i s  
th io c y a n a te ,  fo rm ed  by c o m b in a tio n  w ith  s u lp h u r  w i th in  th e  body*
The t r e a tm e n t  o f  th e s e  c o n d i t i o n s , w hich may b e  a s s o c ia te d  w i th  
c h ro n ic  c y a n id e  t o x i c i t y ,  m ust th e r e f o r e  in v o lv e  in c r e a s in g  th e  
p a t ie n t s *  a b i l i t y  to  d e to x i iy  c y a n id e , by p r o v id in g  an in c re a s e d  
so u rc e  o f  su lx^hur. T h is  h a s  b e en  accom plished  i n  two ways « by  
th e ra p y  w ith  h y d ro x o o o b alam in , o r  by a d m in i s t r a t io n  o f  o r a l  c y s t in e *
1 * H ydr0X0ooba lam in  T herapy .
The u se  o f  igydroxocobalam in a s  an e f f e c t i v e  a n t id o te  f o r  
c y a n id e  p o is o n in g ,  i s  w e l l  known from  th e  work o f M u sh e tt e t  a l*  
( 1952) ,  on c y a n id e  p o is o n in g  i n  mice* The h y p o th e t i c a l  c y c le s  o f  
c y a n id e  u t i l i s a t i o n  and su lp h u r  t r a n s fe a ' ( s e e  F i g s .  1«5« & 1 - 7 * ) ,  &s 
su g g e s te d  by Wokes & P ic a r d  (1955)?  do in d ic a t e  t h e  p o s s ib l e  r o l e  
o f hydroxooobalam in  i n  th e  th e ra p y  of c y a n id e  i n to x ic a t io n *  P r e v io u s ly  
th e  v i ta m in  B 12 h as  b een  a d m in is te re d  i n t r a im s c u l a r l y  w ith  c o n s id ­
e r a b le  s u c c e s s ,  b u t  now, in  a d d i t t i o n ,  an o r a l  p r e p a r a t i o n  o f 
hyd roxocoba lam in  i s  b e in g  used  a s  a  p o s s ib le  a l t e r n a t iv e *  R e s u l t s  
from  b o th  fo rm s o f therap iy  (are r e p o r te d  in  th e s e  s tu d ie s *
2o O ra l C y s tin e  th e ra p y .
The u se  o f  o r a l  p r e p a r a t io n s  o f c y s t in e  a s  a  so u rc e  o f  
a d d i t i o n a l  s a lp h u r  i s  r e a s o n a b le ,  in  v iew  of th e  r e s u l t s  o f  th e  
experj.m en ts o f V b i& tlin  a t  a l .  ( I 926) ,  show ing th e  p r o t e c t i v e  a c t io n  
o f  i n j e c t e d  c y s t in e  a g a in s t  m in im al l e t h a l  d o se s  o f cy aa iid e . The
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work o f  O suntokun ©t a l*  ( I 968) a ls o  s u g g e s ts  th e  u s e  o f  s u lp h u r  
amino a c i d s ,  su c h  a s  c y s t in e ?  in  th e  th e ra p y  o f  th e  n e u ro lo g ic a l  
c o n d i t i o n s ,  b e l ie v e d  to  be due to  c h ro n ic  c y a n id e  i n t o x i c a t i o n  a s  
a  r e s u l t  o f  a  h ig h  consum ption  o f  cassav a*
The Aims o f  The S tu d ie s .
I f  c y a n id e  i s  to  be  c o n s id e re d  an im p o r ta n t  c a u se  o f  th e  
symptoms fo u n d  i n  th e s e  c o n d i t io n s ,  th e  t r e a tm e n t  m ust b e  c o n ce rn e d  
w i th  in c r e a s in g  th e  p a t ie n t s *  a b i l i t y  to  d e to x i f y  c y a n id e . T h is  
w o u ld 'c a u s e  in c r e a s e d  l e v e l s  o f th io c y a n a te  in  p la sm a  and i n  u r i n e .  
The m easurem ent o f  th e s e  two p a ra m e te rs  i n  th e  p a t i e n t s  i n  th e s e  
s t u d i e s ,  th e re b y  p ro v id e s  a  c o n v e n ie n t means o f  a s s e s s in g  th e  
t r e a tm e n t ,  w ith  regaa?d t o  t h e i r  d e t o x i f i c a t i o n  o f c y a n id e . I f  th e s e  
ch an g es in  th io c y a n a te  can  be r e l a t e d  to  changes in  th e  c l i n i c a l  
c o n d i t io n  o f th e  p a t i e n t ,  w ith  p a r t i c u l a r  r e g a rd  to  im provem ent in  
t h e i r  v i s i o n ,  i t  would p ro v id e  good e v id e n c e  f o r  th e  su g g e s te d  
im p o rtan c e  o f  c y a n id e  i n  th e s e  c o n d i t io n s *
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SECTION TWO.
MATERIALS AND METHODS.
THIOCYANATE AND CYANIDE ESTmATIONS.
The s ta n d a rd  c o lo r im e t r ic  m ethods f o r  th e  e s t im a t io n  o f 
th io o y a n a te  and c y an id e  a re  b a se d .o n  e i t h e r  th e  method d e v e lo p e d  by 
A ld r id g e  (1 944,43 ) ,  o r  on t h a t  developed  by  E p s te in  (1 9 4 7 ) , w hich  a re  
th e m se lv e s  b o th  b ased  on th e  K onig  s y n th e s i s  o f  p y r id in e  d yes t u f f s  
(K o n ig ,1904, 05) ,  b y  th e  r e a c t i o n  of p y r id in e  and an a ro m a tic  amine* 
A ld ridge*  s  m ethod in v o lv e s  r e a c t in g  cyanogen brond.de w i th  a  p y i 'id in e  
" b e n z id in e  m ix tw e ,  w hereas E p s te in  u se s  cyanogen  c h lo r id e  r e a c t i n g  
w ith  a  m ix tu re  o f p y r id in e  and 1 -p h e n y l-3 -m e th y l- 5 -py raza].one  w i th  a. 
s m a ll  q u a n t i t y  o f b i s (  1 « p h e n y l"3 -3 iie th y l" 5 -p y ra z a lo n e ) .
The m ethod d e s c r ib e d  h e re  i s  a m odif i c a t i o n  o f th e  A ld r id g e  
m ethod, w i th  th e  carcinoR ’e n io  am ine, b e n z id in e  r e p la c e d  b y  p -p h e n y l-  
one d ia m in e , as s u e v e s te d  by  B ark  & Higson, (1964)^
S in c e  b o th  c y a n id e  and th io c y a n a te  a r e  c o n v e rte d  to  cyanogen 
b ro m id e , t h i s  m ethod can  be u sed  to  e s t im a te  bo th*  The c o lo r im e t r i c  
r e a c t i o n  d o es  n o t d i s t i n g u i s h  cy an id e  from  th io c y a n a te ,  and b o  th e  
m inu te  am ounts o f  c y a n id e  in  p lasm a I’e q u ir e  t o  be s e p a r a te d  and 
c o n c e n tr a te d  f o r  e s t im a tio n *  T h is  Y^ as p r e v io u s ly  done by th e  m ethod 
o f  B oxer & R ic k a rd s  (1 9 5 0 ) ,  by  a e r a t io n  in to  a  sm a ll  volum e ( 1 m l*)
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o f  0 .2  N NaOH, u s in g  a  s tre a m  o f c y a n id e -f re ©  n i t r o g e n .  The 
c y a n id e  c o n te n t  o f  t h i s  c o n c e n tra te d  s a n g le  was th e n  d e te rm in e d  
o o lo r im © tr ic a l.ly e  D i f f i c u l t i e s  i n  a e r a t i o n  and c o n c e n tra tio m  le d  
t o  th e  i n v e s t i g a t i o n  o f  m ic r o d if fu s io n  m ethods a s  a  p o s s ib l e  
a l t e r n a t i v e .  I t  h a s  b e e n  fo u n d  t h a t  th e  method o f  P e ld s to in  & 
K le n d sh o j (1 9 5 ^ fa ,i9 5 4 b ) , u s in g  Conway No* I  u n i t s ,  a lth o u g h  
r e q u i r i n g  a  lo n g e r  tim e? i s  more e f f i c i e n t  t o  u se  f o r  t h e  
c o n c e n t r a t io n  o f c y a n id e  from  plasma®
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P ro c e d u ro ,
11^  lit' lie
To 1 ml» o f  t e s t  s o l u t io n  made a c id  by th e  a d d i t io n  o f  
0«5 Tïil„ o f  N liOly add 2 d ro p s  o f  s a tu r a te d  b rom ine  w a te r j  fo llo w ed ?  
a f t e r  m ixing? by  3 d ro p s  o f 2 ^  a r s e n lo u s  o x id e  s o l u t io n  to  rem ove 
any e x c e ss  brom ine p r e s e n t .  Any f u r t h e r  b rom ine i s  th e n  removed 
u n d e r vacuum . To t h i s  i s  added 1,8  m l. o f  th e  p j^m id inc/pephaijy lono  
d ia m in e  m ix tu re?  and th e  r e s u l t a n t  r e d d is h - p in k  c o lo u r  re a d  a g a in s t  
a  r e a g e n t  b la n k ,  w i th in  10 m in u te s '.a t  th e  i s o s b e s t i c  p o in t  f o r  t h i s  
p a r t i c u l a r  c o lo u r  r e a c t i o n .  The w a v e le n g th  o f  t h i s  i s o s b e s t i c  p o in t  
was fo und  to  v a ry  be tw een  505 nm. and 520 nrn., a p p a r e n t ly  b e in g  
d ep en d en t upon th e  f r e s h n e s s  o f th e  r e a g e n t s ,  p a r t i c u l a r l y  th e  
p y r i d in e .  The i s o s b e s t i c  p o in t  h as th e r e f o r e  to  bo d e te rm in e d  f o r  
e a c h  no?/ b a tc h  o f r e a g e n t s ,  by exam ining  th e  c o lo u r  r e a c t io n ,  in  a  
r e c o r d in g  s p e c tro p h o to m e te r .  Prom such  o b s e r v a t io n s ,  th e  i s o s b e s t i c  
p o i n t  i s  g e n e r a l ly  found  a t  520 nnu , and a l l  su b s e q u e n t ab so rb an c e  
r e a d in g s  have  b een  made a t  t h i s  w a v e le n g th  ( s e e  P ig .  2 - 1 4) .
S ta n d a rd  c iirv e s  f o r  c y a n id e  and th io c y a n a te  a re  c o n s t ru c te d  
s i m i l a r l y ,  by s u b je c t in g  1 m l, a l ic ju o ts  of v a z y in g  c o n c e n tr a t io n s  
o f standfsird s o l u t io n s  of p o ta s s iu m  c y a n id e  and p o ta s s iu m  t h i o ­
c y a n a te  to  th e  above c o lo r im e t r ic  p ro c e d u re ,
‘ The s p e c i f i c i t y  o f  t h i s  c o lo u r  r e a c t i o n ,  and i t s  a d v an tag e  
o v e r th e  p re v io u s  c o lo r im e t r ic  p ro c e d u re , can b e  d e m n u tr a to d  by  
co m parison  o f th e  r e s u l t s  o b ta in e d  fro m  two s e r i e s  o f  re c o v e ry  
e x p e r im e n ts , w here vai-y ing  c o n c e n tr a t io n s  o f  p o ta s s iu m  th io c y a n a te
“ 3^"*
o r  c y a n id e  w ere added to  p lasm a  and to  u r in e  ( s e e  T a b le  2 - 1 ,  ) ^
A system  o f  q u a l i t y  c o n tr o l?  u s in g  a l i q u o t s  o f  p o o ls  o f  
d e e p -fro îs e n  p lasm as  w as in tro d u c e d  f o r  th io o y a n a te ?  to  m a in ta in  a  
ch eck  on th e  p r e c i s i o n  o f  th e  e s t im a t io n  p ro c e d u re ;  an. a l i q u o t  o f 
th e  d e e p - f ro z e n  p lasm a  b e in g  e s t im a te d  a lo n g  w i th  e a c h  b a tc h  o f  
th io o y a n a te  e s t im a t io n s *
The improprement i n  th e  p r e c i s io n ?  b ro u g h t a b o u t o f th e  new 
c o lo r i m e t r i c  p ro c e d u re  can  be  se e n  i n  T a b le  2«2»
T a b le  2-1 » -  R ecovery  o f  Added T h io c y a n a te  o r  C yanide, 
1 „ -  THIOCrAWATB
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No. o f  sam p les
4- * 4^ 0 
6
3 ,4 0
6
T a b le  2-2» -  C om psrison  o f Q u a l.ijy  C o n tro l  R e s u l t s  f o r  T h ilocyanate
( a )  P re v io u s  m ethod
^   ^ M fw rriiinhfe*mM?vsRira**&**rE ■I'LaKUtratgargti'mi n  *ii r i
Mean SON concn* 26*9 35«0 3 3 ,2
(yUfiimoles/l,^
S.E.Mo 3 ,0  0 .7 3  1 .2 6
No. o f a l i q u o t s
ta k e n  from  p o o l  10 45  20
(b )  Nmv raethod
,  f  ^g»t)wnÿirxil^W3n»»ig fJ jpi'aTBca'^x^3at»
Mean SON conon® ' 5 6 .0  5 6 .3  3 6 .0  3 6 .2
( a .m o le s / l . )
It'
'S.E.Mo 0 .3 4  0 .4 9  0 .2 9  0 .41
N o. o f  a l i q u o t s
ta k e n  fro m  th e  p o o l 40  24 45 30
n m r iB W il i i r  ,iir| i iw f in  iiWmi ii ,,x - , i i i w i
APPLICATION OP THE 1ÆTH0D TO BIOI.DSICAL MATERIALS.
The m ethod a s  d e s c r ib e d  h e re?  c an  b e  e a s i l y  a d a p te d  f o r  
t h e  e s t im a t io n  o f th io c y a n a te  and c y a n id e  i n  su c h  m a te r i a l s  a s  
b lo o d ?  u r in e ?  p a n c r e a t i c  j u i c e  and o th e r  p r o t e in - c o n ta in in g  
f l u i d s ?  a f t e r  s u i t a b l e  d e - p r o te in i s a t io i io
1 . ™ T b iocyaha t© . -  ( a )  -  i n  p lasm a  -  1 m l. o f  h e p a rin lsc sd  
p la sm a  i s  d e - p r o t e in i s e d  by  th e  a d d i t io n  o f  9 m l. o f  10 t r i ­
c h lo r o a c e t i c  a c id .  1 m3., a l i q u o t s  o f th e  c l e a r  p r o t e i n - f r e e  
s u p e r n a ta n t  a f t e r  c e n t r i f u g a t i o n  a r e  th e n  ana3.ysed f o r  tiiio cy a n a t©  
and c y a n id e  d e s c r ib e d  ab o v e .
(b )  -  i n  u r i n e  -  An a l i q u o t  c f  a  2 4 -h o u r  c o l l e c t i o n  o f 
m i'ine i s  d i l u t e d  1 to  10 w ith  d e - io n is e d  w a te r?  and 1 m.!. 
a l i q u o t s  o f  t h i s  d i l u t i o n  a re  a ria ly sed  f o r  th io c y a n a te  a s  b e f o r e .
" 39“
G yanlde -  ( a )  -  im p lasm a  -  The m in u te  q u a n t i t i e s  o f 
c y a n id e  p r e s e n t  i n  p la sm a  r e q u i r e  to  b e  s e p a r a te d  and 
c o n c e n tr a te d  f o r  e s tim atio m o  T h is  y/bb p r e v io u s ly  done by th e  
a e r a t i o n  m ethod o f B oxer & R ic k a rd s  (1 9 5 0 )?  b u t  i t  h a s  now b een  
fo u n d  to  b e  more e f f i c i e n t l y  c a r r i e d  o u t  by  th e  m ic r o d if f  u s io n  
m ethod P e l d s t e i n  & K le n d sh o j ( I9 5 4 a ? b )?  a s  d e s c r ib e d  by  
CoiTftvgy ( 1962) .  A f te r  t%m houx's in c u b a tio n ?  1 ml* p o r t io n s  o f th e  
a lk a l i n e  s o l u t i o n  i n  th e  c e n t r e  w e ll  o f  th e  Conway No. X u n i t s  
a r e •s u b je c te d  to  th e  c o lo r im e t r ic  e s t im a t io n  p ro c e d u re  a s  d e s c r ib e d  
b e fo r e  & A s ta n d a r d  c u rv e  f o r  c y a n id e  may be s i m i l a r l y  p re p a re d  
b y  p la c in g  2 m l. a l i q u o t s  o f a  s ta n d a rd  s o l u t i o n  o f  p o ta s s i im  
c y a n id e  i n  th e  o u te r  cham ber? In s te a d  o f th e  plasm a*
A lthough?  a p p a re n t ly  much im proved by th e  u s e  o f  th e  
m ic r o d if f u s io n  te c h n iq u e ?  th e  e s t im a t io n  o f c y a n id e ?  p a r  se?  i n  
p lasm a? I s  s t i l l  n o t  c o m p le te ly  s a t i s f a c to r y *  D i f f i c u l t i e s  in  
th e  r e c o v e ry  o f c y a n id e  added to  p lasm a? le d  to  th e  i n v e s t i g a t i o n  
i n t o  th e  a p p a re n t  d is a p p e a ra n c e  o f  c y a n id e  added t o  p la sm a  i n  
v i t r o .  A Icnown c o n c e n tr a t io n  o f  c y a n id e  was added to  p lasm a? and 
p o r t i o n s  o f  t h i s  m ix tu re  w ere rem oved a t  i n t e r v a l s  and e s t im a te d  
f o r  c y a n id e . A c o n t r o l  expex’iraen t?  w here th e  c y a n id e  was added t è  
no rm al s a l in e ?  i n s t e a d  o f p lasm a? was a ls o  u n d e r ta k e n .
The r a t e  o f  d is a p p e a ra n c e  o f  c y a n id e  added to  p lasm a  was 
fo und  to  b© v e ry  r a p id ?  f a l l i n g  to  a p p ro x im a te ly  50 % o f  th e  
o r i g i n a l  c o n c e n t r a t io n  a f t e r  o n ly  tw e n ty  m in u te s .  I n  s a l in e ?  
howoTOr? th e  l o s s  was a lm o st n e g l ig ib le ?  th e  c o n c e n t r a t io n
d i s a p p e a r a n c e  OF CYANIDE  
ADDED TO p l a s m a  IN VITRO
15-
10-
Legend -  
•  ' CN in p lasma  
-t> - -O' CN in sal ine
2 0  3(
t i m e  m i n u t e s
4 0
d ro p p in g  o n l j  v e ry  s l i g h t l y ^  men  a f t e r  a s  lo n g  a s  f o r t y  
m in u te s  ( s e e  F ig*  2«2)o
The m ost l i k e l y  e x p la n a t io n  w ould b e  t h a t  p r o te in ?  
p o s s ib ly  al^burain? or?  more p a r t i c u l a r l y ?  some s u lp h u r - o o n ta i.n in g  
g ro u p in g  (e*g* c y s t in e  d i s u lp h id e  b onds) had r e a c te d  w ith  
c y a n id e , a s  shown from  th e  w ork o f  P a s c h e le s  (18% ,) and o f  
C a ts lra p o o la s  & Wood ( I 964) .
T h is  a p p a re n t  r a p id  disappeax^ance o f  c y a n id e  added t o  p la sm a  
in ' v i t r o ,  m ust r a i s e  d o u b ts  a s  to  th e  v a l i d i t y  o f th e  e s t im a t io n  
o f  c y a n id e  in  p la sm a , a t  th e  n o rm ally  low  l e v e l s  en co u n te red *
T hese  t e c h n ic a l  d i f f i c u l t i e s  i n  e s t im a t io n ,  t h e r e f o r e ,  make 
meaningfu3- i n t e r p r e t a t i o n  of p lasm a r e s u l t s  vexy  difficLO ^t* 
A c c o rd in g ly , m ora a a p h a s is  sh o u ld  be  p la c e d  upon th e  m easurem ent 
o f th io c y a n a te  i n  p lasm a  and u r in e ,  a s  a  g u id e  to  c y a n id e  
d e to x i f ic a t i o n *
THE ESTIMATION OP CISTINE IN  ÜB.INE.
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Gyatimm i n  th e  u r in e  i s  u s u a l ly  e s t im a te d  q u a n t i t a t i v e l y
by  th e  u s e  of n i t r o p r u s s i d e  (B rand  e t  a l « ,1 9 3 0 |F is o h l  e t  a l* ,
1961) ,  p h o s p h o tu n g s tio  a c id  ( F o l in  & L o o n ey ,1 9 2 2 ;F o l i n  & M o re n z i,
19 2 9 jS h in o h a ra  & P a d i s ,1 9 3 5 )p io d o m e tr ic  t i t r a t i o n  (V ir tu e  &
L e w is ,1936)?  o r by  th e  S u l l i v a n  c o lo r im e t r ic  r e a c t i o n  ( S u l l i v a n ,
1 9 2 4 ;S u l l iv a n  & H e s s ,1 936$37)<> T hese  m ethods how ever, have th e
d is a d v a n ta g e  o f  b e in g  non^speW ihlo f o r  c y s t in e  i n  th e  p re s e n c e
o f  o th e r  u r in e  com ponents* The S u l l iv a n  r e a c t i o n  u s in g  sodium
p -n a p h th o q u in o n e - if - s u lp h o n a te ,  \? i th  a  m o d if ic a t io n  by  C sonka e t
a le  ( 1944) ,  was fo und  to  b e  a d eq u a te  f o r  th e  q u a n t i t a t i v e . ,
t e s t i n g  f o r  c y s t i n e  i n  th e  u r in q ^
The m ethod d e s c r ib e d  h e re  i s  a  m o d if ic a t io n  by McDonald 
& F e l l e r s  ( 1 968) ,  o f  th e  b a s i c  S u l l iv a n  r e a c t i o n ,  u s in g  th e
f u r t h e r  im provem ents sug :gested  by  Our now & L ynch (19&9)&
REAGBm
Sodium H y d ro x id e  -  M -  100 gm* NaOH d is s o lv e d  i n  H^O
t o  a  f i n a l  volum e o f  300 ml*
Sodium  H ydrox ide  -  0*5 N ™ D i lu te  10 ml* o f  5 ,0  N NaOH
to  a  f i n a l  voltune o f  100 ml*
Sodium  C yan ide  -  1*0 M i n  0«5 N NaOH -  5oO gpu NaON
d is s o lv e d  i n  0*5 N NaOH t o  100 ml*
N aph thoqu inone  » 0*2 fo W/V 0*2 gm* sod ium  jg -n ap h th o -
q u i  no no i n  v /a te r  to- a  f i n a l  volum e o f  100ml 
Sodium S u lp h i t e  -  0*8 M -  20 gnu sodium  a u lp M .te  d is s o lv e d
i n  0*3 'N NaOH to  a  f l jg a l  volum e o f  200 ml,* 
Sodium  D i th i lo n i te  -  0*113 N i n  0*3 H -  1*0 gm* o f  Na S 0.
d i s s o lv e d  i n  0*3 N NaOH t o  a. f i n a l  volim ©  o f 50 ml,
SAMPLE PREPmAl'ION
A 25 ml o a l i q u o t  o f  a  2 4 -h o u r volum e o f  a r i t i e  i s  mad© 
s t r o n g l y  a lk a l i n e  by  th e  a d d i t io n  o f  0«3 gm« o f  NK)H p e l l e t s ,
(A s i n g l e  NaOH p e l l e t  w e ighs a p p ro x im a te ly  0 .1  giïio ) ,  The f i n a l  
pH mus;t b e  g r e a t e r  th a n  10*0* A f te r  th e  NaUH h a s  c o m p le te ly  
d i s s o lv e d  and m ixed , th e  s o l u t io n  i s  a llo w ed  to  s ta n d  f o r  30 m in s . 
E x ce ss  p h o sp h a te s  w i l l  b e  p r e c i p i t a t e d  o u t  and can  b e  rem oved 
by  f i l t r a t i o n *  10 ml* o f  th e  s o l u t i o n  i s  d i l u t e d  t o  50 m l, vd/ch 
w a te r  f o r  th e  © stim atio n *
SfrANDARD SOLUTION
*f*hP!tiLiftct&gssvg^CTag<ii'immirni»i<^'i i r.u'uM ,■> l'i'i 'iiTntgm aeptn
A c o n t r o l  n o n - c y s t in e - c o n ta in in g  u r in e  satm l©  o f  100 înl* 
w i th  an appx’oxiiixat© s p e c i f i c  g r a v i ty  o f  1 *02 i s  s i m l a r l y  
p re p a re d  by  th e  a d d i t io n  o f  1 *0 o f  NaOH and f i l t r a t i o n ;  t lx is  
i s  s o l u t io n  A*
The s ta n d a r d  c y s t in e  s o l u t io n  i s  p r e p a re d  b y  th e  a d d i t io n  
o f  50 mg* o f  L - c y s t in e  to  30 ml* o f  u r in e  ( s o l u t i o n  A )* T h is  
m akes a  s o l u t io n  w i th  a c o n c e n tr a t io n  o f  1000 mg*/L o f  c y s t i n e ;  
t h i s  i s  s o l u t io n  B*
ASSAY PROCEDURE
W orki.ng c y s t in e  s ta n d a r d s  a re  p re p a re d  a s  f o l lo w s ;  20 ml* 
o f  s o l u t io n  A a r e  d i l u t e d  to  100 ml* ; 10 ml* o f  s o l u t i o n  B ar@ 
d i l u t e d  to  50 ml* T hese  1 to  5 d i l u t i o n s  ©re made i n  d e - io n i s e d
« 4 .3 ™
w ater*  Th© volum es u sed  f o r  th e  d i l u t i o n s  f o r  th e  w o rk in g  
s ta n d a rd s  a r e  a s  shown in  T a b le  2«-3«
T e s t  u r i n e s  -  10 ni].* ûji d u p l ic a te  o f  th e  d i l u t e d  t e s t  u r in e  
a r e  t r a n s f e i r e d  t o  in d iv id u a l  f l a s k s  fo r  th e  e s t im a t io n ,
T a b le  -  Volumes u sed  f o r  th e  w o rk in g  s ta n d a rd s*
C ÿ s tin e  c o n c e n t r a t io n  D i lu te d  s o l u t io n  A D i lu te d  s o l u t i o n  B 
(m g ,/L ) (m l*) (m l.)
0 10 0
100 9 1
200 8 2
300 7 3
400  6 4
500 5 5
EMOTION
To e ac h  f l a s k ,  add 2*0 ml,* o f  5 % NaCN* M ix th o ro u g h ly  and 
a llo w s  to  s ta n d  f o r  10 min®
Add 1*0 ml* o f  f r e s h l y  p re p a re d  0*2 ^  n a p h th o q u in o n e  
r e a g e n t ,  fo llo w e d  by  th e  a d d i t io n  o f  5*0 ml* o f f r a s l f l y  p re p a re d  
^0 % Na 3 0 o The im m ed ia te  s e q u e n t ia l  a d d i t io n  o f  th e s e  two 
r e a g e n t s  i s  n e c e s s a ry .  M ix th o ro u g h ly  * A llow  to  s ta n d  f o r  25 mins< 
V a ry in g  c o lo u r s  may b e  n o te d  a t  t h i s  s t a g e .
Add 2<îO mLU o f  5*0 N NaOH fo llo w e d  im m e d ia te ly  by  th e
•*44“*®
a d d i t io n  o f  1*0 m l, o f f r e s h l y  p re p a re d  2 % Mix
th o ro u g h ly . The f i n a l  c o lo u r  i s  salm on p ink*
Read a t  505 nm* w it i i in  5 la in , w i th  th e  d i l u t e d  M anic u r in e  
s e t  a t  100 % tra n sm iss io n ©
^ 45™
TIg^FUTORQMin?HIC ASSAY OF aLlITATHIONE m  RED BLOOD CELLS.
The s u lp h u r - c o n ta in ia g  p e p tid e ?  g lu ta th io n e ?  i s  a  w ell-know n  
end im p o r ta n t  s o u rc e  o f  n o n -p ro te in  s u lp h y d ry l  (SH) g ro u p s . The 
a s s a y  p ro c e d u re  i s  b a sed  on a  m o d if ic a t io n  F e l l  & T i l s  to n e  ( I 969) 
o f  th e  m ethod d e s c r ib e d  by  Cohn & L y le  ( 1966) ? w h ich  i t s e l f  i s  
a  m o d if ic a t io n  o f  th e  r e a c t i o n  p ro c e d u re  w ith  o -p h th a la ld e ly d e  
r e p o r te d  by  Shore?  B u r ld ia l te r  & Colm ( I 966) ,  At pH 8 ,0 ?  red u c ed  
g lu ta th io n e  (GSH) c o n d en se s  w i th  o -p h th a la ld e li^ /d e  to  fo rm  a  s t a b l e  
and ex ti'em e ly  s p e c i f i c  f l u o r e s c e n t  p ro d u c t?  w i th  an e x c i ta t io n ,  
w a v e le n g th  o f  3^5 nm, and a  f lu o r e s c e n c e  e m is s io n  a t  420 nuu 
BFAŒNT8
G lu ta th io n e  -  Boeh2. 'in g e r  
M e tsp h o sp h o rio  a c id  -  5 ^  W/V i n  FM A 
T r i s  b u f f e r  -  0©2 M
o -p h th a la ld e lr jy d e  -  1 ,0  % W/v i n  m eth an o l (AR) p re p a re d  each
d a y .
B ecause  o f  th e  v a r i a b l e  q u M ity  o f  m e tap h o sp h o rio  a c id ? $ t  
is . n e c e s s a ry  t o  t i t r a t e  a l i q u o t s  o f th e  3 % s o lu t io n ,  i n  FBTA m 1;h 
t h e  t r i s  b u f f e r  in  o rd e r  to  c o lc u - la to  th e  amount o f  b u f f e r  n e c e s s a ry  
to  b r in g  th e  m ix tu re  t o  pH 8 ,0  4 0*1*
A Perkin-Elraex'* M odel 203 f lu o r e s c e n c e  sp e c tro p h o to m e te r  
was u sed  for* a l l  th e  f lu o r o m e tr ic  d e te rm in a tio n s *
STANDARD SOIDTIONS
S to c k  s ta n d a rd  -  100 yiig/ml, i n  d e - io n is e d  w a te r.
W orking s ta n d a r d s  -  10?5*0? 2 .5 ,  0 ,6 2 5 yng/m l, GSH w ore
p re p a re d  d a i l y  fro m  th© s to c k  s o l u t io n  
b y  d i l u t i o n  m t h  m e tap h o sp h o rio  a c id .
C0m)3ISMBikTI0N REACTION
The c a l c u l a t e d  amount o f T r i s  b u f f e r  i s  added t o  an a l i q u o t  
( 0 .5  o r  1 ,0  m l .)  o f  th© s ta n d a rd  GSH s o l u t io n  to  g iv e  a  f i n a l  pH 
o f 8 .0  Oo1? th e . volum e made up to  4*0 m l. w i th  v m te r and 0*1 m l. 
o f th e  o « p h th a la ld e b y d e  r e a g e n t  added . The ifiix tu i'c  i s  k e p t  in . 
t h e  d a rk  f o r  15 m in , t o  a llo w  fo rm a tio n  o f  th© f l u o r e s c e n t  
c o n ju g a te .
DAILY CiiLIBRATION OF THE P .E , 20%
The in s t ru m e n t  i s  s e t  f o r  f u l l  (10Cy^) sea l©  d e f l e c t i o n  (PSD) 
w i th  th e  m ost c o n c e n tr a te d  s ta n d a rd  s o lu t io n  i n  t h e  sam ple c e l l  
(1 0  yug /m lo ); and f o r  z e ro  d e f l e c t i o n  w ith  th e  3 % m e tap h o sp h o ric  
a c id  i n  th© sam ple  c e l l .
Th© s ta n d a rd  GSH s o lu t io n s  a r e  th e n  r e a d  i n  a sc e n d in g  o rd e r  
and th e  p e r c e n t  F .S .D , a t  ^|20 nm. i s  n o te d  and a  staudax 'd  c u rv e  f o r  
GSH p r e p a r e d .
SAMPIIE PREPARATION,
F r e s h  h e p a r in is e d  b lo o d  i s  c e n t r i f u g e d  and th e  p lasm a  
s e p a r a te d .  The r e d  b lo o d  c e l l s  a re  th e n  washed 3 t im e s  vAth  2 v o l s ,  
o f  i s o t o n i c  s a l in © o 2 .0  m l, o f th e  washed ro d  c e l l s  i s  th e n  d i lu t e d  
to  20 m l. w i th  rïiîvî EDTA to  haem olysa th e  c e l l s .  T h is  haem olys& te can  
th e n  b e  s to r e d  d e e p - f ro z e n  u n t i l  th e  e s t im a t io n  i s  perfo rm edo  1 .0  ail 
o f  th ^  EDÎA haem olyaat©  i s  them d o - p r o te in is e d  w i th  0 .5  imL* o f
-4 7 -
i c e - c o ld  3 fa m s ta p h o a p h c rio  a c id ?  c e n tr if u g e d ?  and th e n  a l i q u o t s  
o f  th e  c l e a r  p r o t e i n - f r e e  s u p e rn a ta n t  ta k e n  f o r  th e  f lu o r o m e tr ic  
a s sa y  a s  d e s c r ib e d  b e f o r e .
SECTION THREE,
«fill .rT irrimwwm««iw«*Muana<u
RESULTS MD  DISCUSSION,
*i« mn iN r  04#%
The m ajo r m e ta b o l i te  o f  c y a n id e  i s  th io c y a n a te ?  fo rm ed  by  
c o m b in a tio n  w ith  s u lp h u r .  The t r e a tm e n t  o f  th e s e  t o x ic  am blyop ias?  
w h ich  a re  a s s o c ia t e d  w i th  c y a n id e  t o x ic i ty ?  m ust? f i r s t  and fo re m o s t?  
in v o lv e  e n h an c in g  th e  p a t ie n ts *  a b i l i t y  to  d e to x i f y  c y a n id e  to  t h i o -  
c y a n a te .  T h is  may be acco m p lish ed  b y  d i r e c t l y  a d m in is te r in g  an 
a d d i t i o n a l  s o u rc e  o f  su lp h u r  o r  some o th e r  a g e n t w h ich  w i l l  d e to x i f y  
th e  c y a n id e  e i t h e r  by d i r e c t  com b ina tion?  o r  i n d i r e c t l y ?  by malcLng 
s u lp h u r  a v a i l a b l e  i n  a  fo rm  a c c e p ta b le  f o r  c o m b in a tio n  v rith  th e  
c y a n id e . T e c h n ic a l  p ro b lem s e n c o u n te re d  i n  th e  e s t im a t io n  p ro c e d u re  
( s e e  M a te r i a l s  & M ethods s e c t io n )  made m e a n in g fu l i n t e r p r e t a t i o n  
o f  p lasm a o y a u id c  r e s u l t s  d i f f i c u l t ?  and th e r e f o r e ?  more em p h asis  
h a s  b een  p la c e d  upon th e  m easurem ent o f th io o y a n a te ?  r a t h e r  th a n  
c y a n id e  in  p lasm a  and in  u r i n e , M easurem ent o f  th e s e  two p a ra m e te rs  
t h e r e f o r e  p ro v id e s  a  c o n v e n ie n t  and s a t i s f a c t o r y  a sse ssm e n t o f  th e  
p a t ie n t s *  d e t o x i f i c a t i o n  o f c y a n id e .
PLASMA S C N "  C O N C E N T R A T IO N S  IN 
TO B A C C O  AM BLYOPIA. HEALTHY SMOKERS  
A N D  N O N - s m o k e r s
Tobacco
A m bl, j |pb
Healthy
Non
Healthy
150r
P losm a  
r h io c y a n a t e  
C oncentration  
^ nnole/l.
100
5 0
Mean Concn. 3 4 3 6 6 5
S.E.M. 8 0 9 0 1 6 5
- 4 9 ”
Smoking» C y an id e , T h io c y a n a te  and Tobacco A m blyopia.
H e a lth y  sm okers e x i i ib i t  h ig h e r  th io p y a n a te  l e v e l s  i n  
iiocly f l u i d s  th a n  do non-sm okers (Law ton e t  a l .  j194*3;l’r a s o f f  & 
S ch n eeb e rg ,1  9 4 4 ;M aliszew sk i & B a ss , 1955 ;S to a ,1  957;M atthew s e t  a l .  ,  
l9 6 5 ;W ilso n  & M a tth e w s ,1965) .  T h is  i s  b e l ie v e d  to  r e s u l t  from  
d e t o x i f i c a t i o n  o f  c y a n id e ,  w hich  i s  p r e s e n t  i n  s i g n i f i c a n t  conc­
e n t r a t i o n s  i n  to b a c c o  smoke ( O sborne,A dainek, & H obbs, 1 956 ;Jo h n s to n e  
& Pl3jnm©r,1 9 5 9 ;U .S ,S u rg .G a n .ï* e p o rtj1 964) .  P ig*  shows th e  
p la sm a  th io c y a n a te  c o n c e n tr a t io n s  w hich w ere fo und  i n  to b acco  
am b ly o p ia  p a t i e n t s ,  norm al sm okers and n o n -sm o k e rs . The mean co n c­
e n t r a t i o n  f o r  20 non-am blyop ic  sm okers was fo u n d  to  b e  65 jt  35 /m o le  
/ I . , w h ich  was s i g n i f i c a n t l y  h ig h e r  th a n  th e  mean c o n c e n t r a t io n  o f  
36 ^  18 /u n o le / l .  fo u n d  i n  10 non-sm okers (0 .0 2 5 3  P > 0 .0 1 ) .  The 
l e v e l  o f  s i g n i f i c a n c e  h as  been  ta k e n  a t  F 0 . 05 , and t h i s  c o n v e n tio n  
h a s  b een  a d h ered  to  th ro u g h o u t th e s e  s t u d i e s .  The moan p lasm a  t h i o ­
c y a n a te  c o n c e n t r a t io n  i n  18 u n tr e a te d  to b a c c o  a jnb lyop ia  p a t i e n t s  
was 34- ±  16 / m o l e / 1 . , w hich  was s i g n i f i c a n t l y  d i f f e r e n t  from  t h a t  
fo u n d  i n  t h e  non-am blyop ic  sm okers ( 0.01 > P > 0 . 005) ,  b u t  was n o t 
s t a t i s t i c a l l y  s i g m f i c a n t l y  d i f f e r e n t  from  th e  c o n c e n tr a t io n  fo und  
in  th e  n o n -sm o k ers . The to b a c c o  am blyop ia  p a t i e n t s  i n  g e n e r a l ,  
smoked more h e a v i ly  th a n  d id  th e  non-am blyop ic  sm o k e rs , and wou].d 
t h e r e f o r e  be e x p e c te d  to  e x h ib i t  h ig h e r  th io c y a n a te  l e v e l s .  The f a c t  
t h a t  th e y  d id  n o t ,  s u g g e s ts  t h a t ,  i f  c y a n id e  i s  to  be  c o n s id e re d  
im p o r ta n t  c a u se  o f  to b a c c o  am b ly o p ia , th e s e  p a t i e n t s  r e v e a l  a
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a red u c ed  a b i l i t y  to  c o n v e r t  c y a n id e  to  th io c y a n a te .
W ilso n  & M atthew s ( I 366) showed a p o s i t i v e  c o r r e l a t i o n  
be tw een  p lasm a  c y a n id e  and th io c y a n a te  c o n c e n t r a t io n s ,  w hich  m igh t 
have been  e x p ec te d  from  th e  e q u il ib r iu m  be tw een  c y a n id e  d e to x ­
i f i c a t i o n  end c y a n id e  form ed endogenously  by  th e  a c t io n  o f a  re d  
c e l l  enzym e, o r i g i n a l l y  named th io c y a n a te  o x id a s e  ( G o ld s te in  & 
R i e d e r s ,1 953)> b u t  r e c e n t l y  shown to  be due to  p e ro x id a s e  a c t i v i t y  
o f  haem oglob in  (Chung & Wood, 1 9 7 0 ?
They a ls o  fo und  t h a t  th e  p ro p o r t io n  o f  oyanocobalam in  was 
r a i s e d  i n  sm o k ers , and t h a t  hydroxocobalam in  was i n v e r s e ly  r e l a t e d  
t o  p la sm a  th io c y a n a te  le v e ls *  T h is  su p p o rte d  th e  v iew  o f  S m ith  ( I 96I )  
who c la im e d  t h a t ,  i n  v e ry  heavy sm okers, th e  a d d i t i o n a l  c y a n id e  
i n a c t i v a t e d  some o f  th e  serum  hydroxocobalam in  by c o n v e rs io n  to  th e  
c y an o - fo rm , and t h a t  th e  n e u r o - r e t i n a l  t o ü c  e f f e c t  o f c y a n id e  i n  
v i ta m in  B 12 d e f ic ie n c y  co u ld  b e  exi> lained by t h i s  c o n v e rs io n .
R ecen t w ork by W ils o n ,L in n e l l  & M atthew s (1971) has demon­
s t r a t e d  t h a t  p lasm a  oyanocobalam in  l e v e l s  a re  s i g n i f  i c a n t l y  r a i s e d  
i n  to b a c c o  a m b ly o p ia , L e b e r’ s  h e r e d i ta r y  o p t ic  a tro p h y , and i n  o th e r  
ty p e s  o f o p t ic  a trop t'jy . They sugD*ested t h a t  t h i s  may be  e v id e n c e  o f 
in b o rn  e r r o r s  o f  c y a n id e  metabo3.ism« In  v a ry  heavy sm okers w ith  
s ig n s  o f  am b ly o p ia , th e  cyanocobalam in  c o n c e n tr a t io n s  m ight be 
e x p e c te d  to  r e f l e c t  th e  d e g re e  o f c y an id e  e x p o su re  from  tobaoao  
sm oke, b u t  th e  am ounts found  w are o f te n  i n  e x c e s s  o f  th o s e  found  
even i n  th e  h e a v ie s t  o f norm al sm okers, s u g g e s t in g  a  m e ta b o lic  d e fe c ts
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I n  Leber* s  h e r e d i t a r y  o p t ic  a tro p h y , c l i n i c a l  and m e ta b o lic  e v id e n c e  
s u g g e s ts  t h a t ,  i n  many p a t i e n t s ,  th e  o n s e t  and s e v e r i t y  o f  th e  
d i s e a s e  may b e  r e l a t e d  to  sm oking (W ils o n ,1963*65) .
W ilson  & M atthew s ( I 966) a ls o  d e m o n s tra te d  a  n e g a t iv e  
r e l a t i o n s h i p  be tw een  p lasm a  c y a n id e  and t o t a l  serum  v i.tam in  B 12, 
w hich  th e y  s u g g e s te d  m igh t be  th e  r e s u l t  o f  v i ta m in  B 12 d e p le t io n  
due to  th e  h ig h  in ta k e  o f c y a n id e  a s s o c ia te d  w i th  sm oking. T h is  
s u p p o r ts  th e  s u g g e s t io n s  t h a t  v i ta jn in  B 12 c o n t r ib u te s  to  th e  d e ­
t o x i f i c a t i o n  o f  exogenous c y a n id e  (W okes,1955*1958;S m ith ,196I ) ,  
and t h a t  c h ro n ic  a d m in is t r a t io n  of c y a n id e  d e p le te s  th e  l i v e r  s t o r e s  
o f v i ta m in  B 12 (B ra e k k a n ,N ja a , & Utne,1957).  A3, t e r  n a t iv e  l y , W ilson  
& M atthew s ( 1966) s u g g e s t  t h a t  r e l a t i v e l y  low ( th o u g h  p h y s io lo g ic a l )  
l e v e l s  o f v i ta m in  B 12 may re d u c e  th e  a b i l i t y  to  d e to x i f y  c y a n id e , 
r e s u l t i n g  in  r e l a t i v e l y  h ig h  c o n c e n tr a t io n s  o f i t  i n  th e  b lo o d .
I t  i s  known t h a t  p a t i e n t s  s u f f e r in g  from  to b a c c o  am blyopia  
show red u c ed  serum  v ita m in  B 12 l e v e l s  (H eaton  e t  a l . , 1 9 5 8 |F o u ld s  
e t  a l . , 1969a ) ,  and t h a t  , r a i s e d  cy an id e  c o n c e n tr a t io n s  i n  th e  p lasm a 
of su ch  p a t i e n t s  m ight r e a s o n a b ly  b e  e x p e c te d . The mean c o n c e n tr a t io n  
o f c y a n id e  i n  15 u n t r e a te d  to b ac co  am blyopia  p a t i e n t s  o f 0*61 /.uxiole 
/ l .  (C h isho lm  & F e t t i g r e w ,1 970) i s  h ig h e r  th a n  th e  c o n c e n tr a t io n  
o f  0 .2 2  / im o le / lo  fo u n d  by W ilson  & M atthew s ( I 966) in  norm al 
sm okers* We w ere a b le  to  show an in v e r s e  r e l a t i o n s h i p  betw een  p lasm a 
c y a n id e  and serum  v i ta m in  B 12 in  th e s e  p a t i e n t s ,  a].thopg).% i t  
f a i l e d  to  be  s t a t i s t i c a l l y  s i g n i f i c a n t  (P >  0 . 05) &
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Summary.
Q yanide i s  presum ed to  con^ from  to b a c c o  sm oke, and 
e le v a te d  th io c y a n a te  c o n c e n tr a t io n s  have b een  fo u n d  i n  th e  p la sm a  
and u r in e  o f  healt):iy  sm o k ers , when oonpared  t o  non-sm okers* The 
p lasm a  th io c y a n a te  c o n c e n t r a t io n  in  u n t r e a te d  to b a c c o  am blyop ia  
p a t i e n t s  was low er th a n  t h a t  o f  th e  norm al sm o k e rs , w h ich  su g g e s te d  
t h a t ,  a lth o u g h  t h e i r  to b a c c o , and p resum ab ly  c y a n id e  in ta lee  was 
g r e a t e r ,  th e y  w ere l e s s  a b le  to  c o n v e r t c y a n id e  to  th io c y a n a te  by  
th e  norm al p r o c e s s e s .  The in v e r s e  r e l a t i o n s h i p  fo u n d  botv/eon 
p lasm a  c y a n id e  and t o t a l  serum  vitam iln  B 12 (C h isho lm  & P e t t i g r e w ,  
1970) su p p o r te d  th e  e a r l i e r  f in d in g s  t h a t ,  a t  low  serum  vi.tam].n 
B 12 l e v e l s ,  th e  p lasm a  c y a n id e  c o n c e n tr a t io n  m igh t be s u f f i c i e n t l y  
e le v a te d  to  p ro d u ce  th e  c h ro n ic  n e u ro p a th o lo g ic a l  changes a s s o c ia te d  
w ith  to b a c c o  am blyopia  (He a t  on,McCormack, & F reem an , 1 958; S m ith , 1 9^1 ),
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HXDROXOCOBALMIN TlffiRAPÏ.
( a )  In tr a m u s c u la r  T h e rw y  i n  Tobacco Amblyopi a .
\  /  m rnm i i i i . i i n i "  iw i a  i— i i i i < f  m i n B  i m M i n . i # #  # i i ,  # , i ,  nmm»  n  n  i i ^ i t lT ii M i ^ nw i i w < i i * r ' r m i n i i * i i >  n O i M O ia ir i ^ m - f f M r m r - f t i r a  r i i n r  ir r - r — ^ i  i *  '  • -
The u se  o f v i ta m in  B 12 in  th e  th e ra p y  o f  to b a c c o  am b lyop ia  
i s  now w e l l  e s t a b l i s h e d  from  th e  work of H eaton  e t  a l ,  (1 9 5 8 ) , 
show ing t h a t  some p a t i e n t s  w ith  to b acco  am blyop ia  may inprov©  when 
g iv e n  v i ta m in  B 12 p a r e n t e r a l l y ,  even when sm oking i s  c o n tin u e d . 
S m i th '( 1961) su g g e s te d  t h a t  hydroxocobalam in  i s  th e  p h y s io lo g ic a l ly  
a c t i v e  f r a c t i o n ,  and i t s  c o n v e rs io n  to  oyanocoba lam in  p ro v id e s  an 
a l t e r n a t i v e  r o u te  f o r  c y a n id e  d e t o x i f i c a t i o n .  The s u p e r i o r i t y  o f  
hydroxocoba lam in  o v e r cyanocobalam in  in  th e  t r e a tm e n t  o f  t h i s  
d i s e a s e ,  d e m o n s tra te d  by  C hisholm  e t  a l ,  ( I 967) d o es s u p p o r t  t h i s  
view*
P o u ld s  e t  a l ,  (1970) have s t r e s s e d  t h a t  th e  v ita m in  B 12 
s t a t u s  o f p a t i e n t s  w ith  to x ic  am blyop ias m ust be  f u l l y  i n v e s t i g a t e d  
b e fo re  th e ra p y  i s  commenced, f o r  th o se  p a t i e n t s  w i th  an o b v io u s o r 
l a t e n t  p e r n ic io u s  anaemj.a w i l l  r e q u ix e  th e ra p y  p e rm a n e n tly , w h ile  
th o s e  w ith o u t  e v id e n c e  o f su c h  d i s e a s e ,  w i l l  o n ly  r e q u i r e  th e ra p y  
u n t i l  v i s u a l  recover)^  i s  c o m p le te . They a ls o  showed a  r e l a t i o n s h i p  
be tw een  to b a c c o  consum ption  and th e  serum  l e v e l  o f  v i ta a i in  B 12 , 
s u g g e s t in g  t h a t  to b a c c o  in ta k e  i s  th e  rnajor f a c t o r  a f f e c t i n g  th e ra p y  
w i th  i\ydroxocobaland.ns v i s u a l  re c o v e ry  b e in g  b e s t  i n  th o s e  p a t i e n t s  
sm oking l e a s t '  and r e c e iv in g  high, d o se s  o f hydroxocobalam in*
ALTERATION IN PLASMA 8 C N ~  CONCENTRATION  
IN 18 TOBACCO AMBLYOPIA PATIENTS BEFORE A N D  
AFTER HYDROXOCOBALAMIN THERAPY
200 -I
Plosmo 
Thiocyanate 
Concentration  
p  mole/l .
lO O -
Before
Therapy
After 6  Months  
Hydroxocobalamin
ler
p < 0 - 0 5
Pi/Tr, Changes in  P la sm a  T h io c y a n a te  C o n c e n trâ t io n  s.- i n  18
T obacco i^jïiblyonla P a t i e n t s  a f t e r  6 m onths In tra m u s c u la r  
Hydro>:ocobalamj:n T har a w  (Means -  2 ScBoM. ) .
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To a s s e s s  th e  optimum d ose  o f iiydroxooobalam in  i n  th e  
t r e a tm e n t ,  F o u ld s  e t  a l ,  ( 1970) e s t im a te d  th e  r a t e  o f  v i s u a l  re c o v e ry  
i n  p a t i e n t s  who s to p p e d  smoking and r e c e iv e d  no o th e r  th e r a p y ,  and , 
fro m  th© r e s p l t s ,  su g g e s te d  t h a t  to  o b ta in  s i m i l a r  r e c o v e ry  in. 
p a t i e n t s  c o n tin u in g  sm oking , s u f f i c i e n t  hydroxocobalam in  m ust be 
g iv e n  t o  keep  th e  r a t i o  o f  hydroxocobalam in  to  to b a c c o  consum ption  
a t  a  c a l c u l a t e d  v a lu e ,  A llow ing  f o r  th e  lo a d in g  d o se  o f  hyd ro x o - 
c o b a la in in  (5  m g ./d ay  f o r  2 w eeks, th e n  1 mg-,/day f o r  2 w e e k s ) , th e y  
su g g e s te d  t h a t  a  p a t i e n t  sm oking 2 o z , o f  to b a c c o  p e r  v/aek v d l l  
r e q u i r e  1 mg, tw io e  w eek ly , w h ile  a  p a t i e n t  sm oking 5 o r  6 o z , o f 
to b a c c o  w ould r e q u i r e  a  much l a r g e r  d o se , and t h a t  in  g e n e r a l ,  jjT 
to b ac co  co nsum ption  i s  k e p t a t  o r  below  3 o z , p e r  w eek, s a t i s f a c t o r y  
v i s u a l  im provem ent o c c u rs  w ith  1 mg. o f lyd roxooobalam 1.n t i i r i c e  
w eek ly .
P i g ,  3=2# shows th e  a l t e r a t i o n  in  p la sm a  th io c y a n a te  
c o n c e n tr a t io n  a f t e r  6 months in tra m u s c u la r  th e ra p y  iv ith  h y d ro x o - 
co b alara in  in  18 to b a c c o  am blyopia  p a t i e n t s .  The mean p lasm a  t h i o ­
c y a n a te  c o n c e n tr a t io n  r o s e  from  34 ±  16 / im o le /lo  to  64 ±  20 / im o le / l .  
T his, i s  a  s i g n i f i c a n t  chanfre (0 .0 5 >  P 3 0 .0 2 5 ) and th e  mean conc­
e n t r â t ]  on in  th e  t r e a t e d  p a t i e n t s  was c lo s e  to  t h a t  of th e  g roup  
o f h e a l th y  (n o n -am b ly o p ic ) sm okers a s  shown in  P i g .  3^1. T h is  r i s e  
in  p lasm a th io c y a n a te  l e v e l s  i s  accom panied by an in c r e a s e  i n  u r in e  
th io c y a n a te  e x c r e t i o n .  P ig*  3™3t sho*.vs th e  mean p e rc e n ta g e  a l t e r a t i o n  
in  th e  u r in a r y  th io c y a n a te  c o n o n e tr a t io n  and th e  u r in e  volume i n  a
ALTERATION IN URINE SCN“ CONCENTRATION 
AND URINE VOLUME IN 14 PATIENTS 
DURING HYDROXOCOBALAMIN THERAPY
X— X Urine SC N  C oncentration  
# —- #  Urine Volume
1 5 0  -|
Percentage
C h a n g e
100
5 0
_L
2 3 4
W eeks o f  T r e a tm e n t
3 -3 . Moan A l t e r a t i o n  in  UriiTazw" T h io c y a n a te  C o n c e n tra t io n  
in  1A Tobacco A n b lv o c ia  P a t i e n t s  dux'inec T rea tm en t w i th  Xntra* 
m uscul a r  H ydroxocobalarairi o
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g roup  o f 14 to b a c c o  am blyopia  p a t i e n t s  p la c e d  on t r e a tm e n t  m t h  
in tr a m u s c u la r  h y d ro x o co b a lam in . T h e re  i s  a r a p id  r i s e  w hich  r e a c h e s  
a p eak  a round  th e  end o f  th e  second  w eek, fo llo w e d  by a  g ra d u a l  
d e c l in e ,  W rieht^Thom son (1902) n o t ic e d  such  an in c r e a s e  i n  th e  
t o x i c i t y  o f  th e  u r in e  and a  s i m i l a r  d i u r e s i s  i n  to b a c c o  am blyop ia  
p a t i e n t s  who w ere t r e a t e d  by a b s t in e n c e  fro m  tobacco*
T h io c y a n a te  io n  b eh av es  l i k e  c h lo r id e  and i s  d i s t r i b u t e d  in  
th e  e x t r a c e l l u l a r  w a te r  i n  a s i m i l a r  m anner, Thomas (l% -9 ) showed 
t h a t  i t s  r e n a l  e x c r e t io n  was d i r e c t l y  r e l a t e d  to  c l i lo r id e  e x c r e t io n  
and to  u r in e  vo lum e, Wokes & E l l i s  ( I 966) d e m o n s tra te d  a  d i u r n a l  
rhy thm  i n  r e n a l  c le a r a n c e  w hich  ro u g h ly  p a r a l l e l l e d  th e  u r in a r y  
e x c r e t io n  o f  t o t a l  n itro g e n *  They showed t h a t  th e  r a t i o  o f t h i o ­
c y a n a te  to  t o t a l  n i t r o g e n  in  th e  u r in e  vras more o r  l e s s  c o n s ta n t ,  
b u t  was low er i n  t e e t o t a l  non-sm okers on norm al d i e t s ,  th a n  in  
norm al s u b je c t s  b u t  who had low er in ta k e s  o f v i ta m in  B 12*
In  a  g roup  o f u n t r e a te d  to b ac co  am b lyop ia  p a t i e n t s  a  
s i g n i f i c a n t  in v e r s e  r e l a t i o n s h i p  was shown to  e x i s t  be tw een  p lasm a  
th io c y a n a te  c o n c e n tr a t io n  and i t s  r e n a l  c le a r a n c e .  A f te r  3 m onths 
t r e a tm e n t  w i th  in tr a m u s c u la r  i^ydrozocobalain in , how ever, t h i s  
r e l a t i o n s h i p  became p o s i t i v e ,  th e  mean c le a r a n c e  r i s i n g  from  
0 ,39  "  0 .40 m l . /m in .  t o  1 .6 2  « 1^62 m l. /m in .  T hese  f in d in g s  a r e  
c o n tr a r y  to  th e  r e p o r t  by S to a  ( 1957) show ing t h a t  th e r e  v/bs no 
r e l a t i o n s h i p  be tw een  th e s e  two f a c t o r s  in  n o rm a l, h e a l t i iy  a d u l t s .
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A ssessm en t o f  th e  p a t ie n ts *  re s p o n se  to  t r e a tm e n t  may b e  
made by m easurem ent o f th e  l e v e l s  o f th io c y a n a te  i n  p lasm a  and in  
u r i n e ,  w hich  p ro v id e s  a g u id e  to  th e  d e t o x i f i c a t i o n  o f c y a n id e , th e  
presum ed t o x i c  f a c t o r  i n  th e s e  c o n d i t io n s .  C l i n i c a l  a sse ssm e n t can  
b e  made by  m easurem ents o f  th e  p a t ie n t*  s  v i s u a l  a c u i ty ,  w here  th e  
v i s u a l  a c u i ty  on th e  S n e l le n  t e s t  ty p e  a t  6 m e tre s  i s  e x p re s s e d  a s  
a  p e r c e n ta g e ,  ta k in g  6 /6  a s  100 (R id le y ,  1 959)* V is u a l  im provem ent 
may th a n  bo e x p re s s e d  in  a r b i t r a r y  u n i t s ,  vriLth e a c h  s t e p  r e p r e s e n t in g  
a  d o u b lin g  o r  h a lv in g  o f  th e  p r e v io u s ly  re c o rd e d  v i s u a l  a c u i ty .
F o u ld s  e t  a l ,  (1970 ) compared th e  im provem ent i n  v i s i o n  
o v e r a  p e r io d  o f t r e a tm e n t  w i th  a  f r a c t i o n  r e p r e s e n t in g  th e  t o t a l  
amount o f  hyd roxocoba lam in  i n  rag. d iv id e d  by th e  to ta l ,  to b a c c o  
consum ption  i n  02 . d u r in g  th e  p e r io d  o f t r e a tm e n t ,  f i n d in g  a  s ig n i f t -  
i o a n t  p o s i t i v e  c o r r e l a t i o n .  They a ls o  su g g e s te d  t h a t  to b a c c o  in ta k e  
was t h e  m ajo r f a c t o r  a f f e c t i n g  re s p o n se  to  th e ra p y  and com pared 
\ r i s u a l  im provem ent a f t e r  tiydroxocobalam in  t r e a tm e n t  m t h  th e  t o t a l  
in ta k e  o f to b a c c o  a lo n e ,  t h i s  tim e  f in d in g  a s i g n i f i c a n t  in v e r s e  
o o r r e l a t io n o  From th e s e  r e s u l t s ,  th e y  su g g e s te d  t h a t  v i s u a l  
im provem ent was b e s t  in  th o s e  p a t i e n t s  sm oking l e a s t  and r e c e iv in g  
h ig h  d o se s  o f h y d ro x o c o b a la n in , b u t ,  t h a t  to  o b ta in  s a t i s f a o t o i 'y  
in p ro v em en t i n  v e ry  heavy sm okers, i t  may be. n e c e s s a ry  to  c u r t a i l  
sm oking d u r in g  t r e a tm e n t  w i th  in tr a m u s c u la r  iiydroxocobalainin®
-57"
H ydroxocobalam in , by  in tr a m u s c u la r  i n j e c t i o n ,  h a s  been  
used  s u c c e s s f u l ly  f o r  some yeaz 's to  t r e a t  to b a c c o  am b ly o p ia . The 
o b se rv ed  r i s e s  i n  p la sm a  and u r in a r y  th io c y a n a te  and i n  r e n a l  
c le a r a n c e  o f  th io c y a n a te  s u g g e s t  t h a t  hyd roxocoba lam in  i s  e n h an c in g  
d e t o x i f i c a t i o n  o f  c y a n id e  by  c o n v e rs io n  t o  th io c y a n a te  and 
f a c i l i t a t i n g  e x c r e t io n  o f th io c y a n a te  i n  th e  u r i n e .  The v i s u a l  
im provem ent o b ta in e d  on t r e a tm e n t  w i th  hyd roxocoba lam in  i s  d e p en d e n t 
upon to b a c c o  (an d  hence c y a n id e )  in ta lc e , and s u p p o r ts  th e  d u a l  
a e t io lo g y  p ro p o sed  f o r  to b a c c o  am blyop ia  (H eato n  e t  a l , ,1 9 5 8 ;S m ith ,
1961) .
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(b )  I n t r a m u s c u la r  T herapy  in  L e b e r 's  H e r e d i ta r y  O p tic  A trophy .
\  /  ik u mmln iM ■ M H ii r r ii*t't«3MenMr-*jiftt»nww.fcBTwcHMw,i**f w  "mu ■wra n iK wuiiiu B^ wiitf Mff lniin jiAHMtf n —t —«1^ — —
C lo se  c o m p ariso n s  have been  drawn be tw een  L e b e r’ s  h e r e d i t a r y  
o p t i c  a tro p h y  and to b a c c o  am b ly o p ia , b o th  i n  i t s  c l i n i c a l  p i c t u r e  
and i n  i t s  mode o f  p r e s e n t a t i o n  (S chepens,19A *6;F ou lds,1969)•  An 
I n h e r i t e d  d e f e c t  i n  th e  mechanism f o r  th e  d e t o x i f i c a t i o n  o f c y a n id e  
has been  su g g e s te d  a s  a  p o s s ib le  c au se  o f th e  d i s e a s e  (W ils o n ,1963?
65 )* In d e e d , s i m i l a r i t i e s  in  th e  th io c y a n a te  l e v e l s  i n  body f l u i d s  
fo u n d  in  to b a c c o  am blyop ia  and i n  L e b e r 's  o p t i c  a tro p h y , i n  b o th  
u n t r e a te d  and t r e a t e d  s t a t e ,  te n d  to  su g g e s t  a  common a e t io lo g y .
The mean p lasm a th io c y a n a te  c o n c e n tr a t io n  in  12 L e b e r 's  
o p t i c  a tro p h y  sm okers o f  38 32 yumole/l* (C h isho lm  & P e t t i g r e w ,  1 970)
i s  no d i f f e r e n t  fro m  th e  mean c o n c e n tr a t io n  o f  34 + I 6 y u m o le /l, 
found  i n  18 u n t r e a te d  to b a c c o  am b ly o p ia  p a t i e n t s  ( P > 0 .0 5 ) ,  b u t  i s  
much low er th a n  th e  mean c o n c e n tr a t io n  o f 65 4; 33 /u m o le /l . i n  a  g roup  
of non-am blyop ic  sm okers ( s e e  F ig*  3 -d * ) ,  t h i s  d i f f e r e n c e  b e in g  
h ig h ly  s t a t i s t i c a l l y  s i g n i f i c a n t  (P < 0 * 0 1 )*  T ills  s u p p o r ts  th e  f i n d in g s  
o f W ilson  ( 1965) t h a t  L e b e r 's  o p t i c  a tro p liy  p a t i e n t s  who smoked 
Elbowed lo w er mean %)lasma th io c y a n a te  c o n c e n tr a t io n  th a n  th e  mean 
c o n c e n tr a t io n  fo u n d  in  norm al smokersc,
As w i th  to b ac co  am b ly o p ia , L e b e r 's  o p t ic  a tro p iy / p a t i e n t s  
az'C p la c e d  on in tr a m u s c u la r  hydroxocobalam in  th e r a p y . ? ig y  shows
th e  changes i n  p lasm a  th io c y a n a te ,  u r in e  th io c y a n a te  and r e n a l  
c le a r a n c e  i n  10 su c h  p a t i e n t s  o v e r 12 months t r e a tm e n t  *
m e a n  p e r c e n t a g e  i n c r e a s e  i n  p l a s m a
A N D  URINE S C N "  A N D  RENAL CLEARANCE  
IN 10 LH.QA. PATIENTS O N  HYDROXOCOBALAMIN
380
Percentage
Rise Urine SC N
Renal C learan ce  of SC N
Plasma SQN
86 121042
M on th s on Treatment
FItTc Mean A l t e r a t i o n  in; P lasm a and U r in a ry  T h io c y a n a te
and R enal C le a ra n c e  o f T h io c y a n a te  i n  10 LeUar* 3 H e r e d i ta r y  
O p tic  A trophy P a t i e n t s  d u r in g  t r e a tm e n t  w i th  oxocoha].8Pi in  «
# . . TLtftbTO*Ji fT ? j i K L m * m « f  =  c3?af* ’»v^>'rt?fcartA*--«>'i4i'Æfc-*Tt*.*'T?,'5.'ï?Çw--'aiJ*ïy»».ai-'tSiJJ « r rv i r t? « - » -> *rrrJLK w*iar*jrnc*7sC#»Jeo»tJ&r»vil-*iVTX»rVr\ej& t^n“»3»rtfe.-»iMrJhs.*i'«.Vrt-w*%at
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T h ese  p a t i e n t s  e x h ib i t  a  r a p id  r i s e  i n  u r in a x y  th io ey an a .t©  
c o m c e n tr a t io a  m t h  a  s lo w j p r o g r e s s iv e  r i s e  i n  p la sm a  th io o y a n a to  
end a  v e ry  r a p id  r i s e  i n  r e n a l  e le a ra iic e #
The n e g a t iv e  r e l a t i o n s t i i p  be tw een  th io c y a n a te  r e n a l  c le a r a n c e  
end p la sm a  th io c y a n a te  c o n c e n t r a t io n  ^ fo u n d  t e  im t r e a te d  to b a c c o  
am b ly o p ia ÿ oen  a ls o  b e  o b se rv e d  i n  Deber* s  o p t i c  a tro p h y  p a t i e n t s  
who smoke* A f te r  12 m onths tre a tm e n t^  t h i s  I’e l a t i o n s h i p  d id *  
how evers rem a in  n e g a t iv e  b u t  a t  a  s t a t i s t i c a l l y  n D n * » sig n ifio an t 
l e v e l  (C h ish o lm  & P e t t ig re w ^  19?0)o
A lth o u g h  s i m i l a r  i n  many a s p e c ts  t o  to b a c c o  am blyopia^
F o u ld s  e t*  a].e ( l9 ^ 9 b )  shown t h a t  t h e r e  i s  no co rre sp o n d in g :
v i ta m in  B 12 d e f i c ie n c y  in  Leber* s  h e r e d i t a r y  o p t i c  atrophy® The 
r e s p o n s e  t o  t h e r a p e u t i c  hydroxocobalam in  o f Leber* s  o p t ic  a tro p h y  
p a t i e n t s ?  i n  te rm s  o f  th io c y a n a te  i s  s i m i l a r . t o  to b a c c o  am blyopia* 
T h is  s u p p o r ts  th© s u g g e s t io n  of  W ilson  (1903^19^5) t h a t  t h i s  
d i s e a s e  b e  due  to  an i n h e r i t e d  d e f e c t  i n  th© m echanism  n e c e s s a r y  
f o r  th e  d e t o x i f i c a t i o n  o f cyanidOo VisusOL im provem ent i n  th e s e  
p a t i e n t s  i s  n o t  a s  pronounced  a s  i n  to b ac co  am b ly o p ia  p a t i e n t s  
r e c e iv in g  th e  same t re a tm e n t?  b u t  th e  in c r e a s e s  i n  u r in a r y  
th io c y a m a ta  end i n  th e  r e n a l  c le a r a n c e  o f  th io c y a n a te  7Æ>uld s u g g e s t  
t h a t  c y a n id e  i s  b e in g  s a t i s f a c t o r i l y  c o n v e r te d  t o  th io c y a n a te  and 
e x c re te d  :m- tlw  m 'ine*
•p P lasm a V is u a l  A cu ity  (/]) T o ta l B 12 / T o t a l
1 1 B efo re A f te r Change B efo re A f te r Change in  
a r b i t r a r y  
u n i t s
Tobacco
Consum ption
(0%,)
abso rb ed /T o b ao co  
(mg«) /Consum ed 
in  in m onths, i
C'j 110 1 122 12 2
1
i i- 1 11 18 4 /5 6  a 1 .5
/Ul'L 37*3  ^ 1 7 ,3 « 20 3 : 16 ,  i f  *r I g I1
84/6ii. = 'I .31 ,
go 124 “S' 3 i^ 4  1 8 t  1 32 { 8 4 /3 2  = 2,62  :
n TLi t 0 16 2 6 ■k 10 5 1 16 I •I- li; II 32 1 8 4 /3 2  = 2,62
iJ »  i C  ,*> 26 32 ! i^8 i 1 s to p p e d  1 sm oking j
r,p. 124 96 .  28 ■16 20 1 i ^  I 8 4 /W  = 1 .7 5
y ^.1  j  & * j  » 3 6 8 1-  28 ! 32 I -f. 1 1 96 84/36  = Co 875
Mean 62,8 63a 6 T111 * if 12 6 » 8 i| -h 1 ^
S . E , U 16*6 22.1
8 ,D . I 4 3 .
it.» 06 I 6 » 1
T a b le  3 -1 . P la sm a  Tiviooyanat.e
T o b a c c o  j j i ib ly o p ia  P a . t l e n t 8_ r 0 oe j^ n g j O r a l _ # c ^ ^  
d o s e  o f  100  m g ./d a y  f o r  .a  p e r io d  o f  4  m o n th s . V i s u ^ W r o y e m ^  
l a  e x p ro s sA d  l n _ a r b i t o a r y  u n i t s ,  w i t h  .e a c h  m i i t j r . o p r e s ^ n t i n g ^  
d o u b l in r /  o r  h a l v i n g  o f  t h e  p r e v i q u g j ^ ^ r e o o r d e d j r i ^
&Xso "p «
”6o*“
(o )  O ra l  H ydroxocobalam in  T h e ra w  in  Tobacco  /onblyopiajL
H ydroxoooba lm dn  th e ra p y  by In tra m u s c u la r  i n j e c t i o n  h as  th e
edvantap:© o f e n s u r in g  t h a t  th e  p a t i e n t  i s  reo e iv d Jig  t r e a tm e n t .  T h ere
a re  y hov/ever y many o b v io u s  d is a d v a n ta g e s  t o  r e p e a te d  in j e c t i o n s ^  an d ,
a t  p r e s e n t ,  s e v e r a l  to b a c c o  am blyop ia  p a t i e n t s  a r e  r e c e iv in g  an o r a l
p r e p a r a t io n  o f  h y d ro x o co b a lam in , w hich may a l s o  bo  used i n  c o n ju n c t io n
w ith  th e  p a r e n t e r a l  tn e ra p y .
T re a tm e n t has r e c e n t l y  been  cotnnenced on a  g roup  o f 7
p a t i e n t s  s u f f ’e r in g  from  to b a c c o  am blyopia w j.th  an  o r a l  p r e p a r a t io n  o f
liy d ro x o co b a lam in , a t  a  d o se  o f  1 t a b l e t  o f  lOOmg, p e r  day* T h is  rem oves
th e  in c o n v e n ie n c e  o f r e p e a te d  i n j e c t i o n s ,  b u t  h a s  s e v e r a l  d is a d v a n ta g e s
i n  t h a t  i t  h a s  b een  su g g e s te d  t h a t  o n ly  1 % of th e  p r e p a r a t i o n  i s
ab so rb ed  i n t o  th e  b o dy , and o n ly  70 % of t h i s  1 ^  i s  a v a i l a b l e  a s
tiy d ro x o co b a lam in . T h is  moans t h a t ,  o f  th e  o r i g i n a l  100 rng  ^ t a b l e t ,
p o s s ib ly  o n ly  700 yug, a r e  a v a i la b le  a s  tiyd roxooobalam in , th e  e f f e c t i v e
th e r a p e u t i c  form *
A f te r  4  m onths on t h i s  t r e a tm e n t ,  3 o f  th e  g ro u p  have sho%?n
in c r e a s e s  i n  p lasm a th io c y a n a te  c o n c e n tr a t io n s  s i m i l a r  to  t h a t  obsex^ed
'}n p a t i e n t s  t r e a t e d  w ith  in tra m u s c u la r  hydroxocobalam in*  The mean
p lasm a th io c y a i ia tc  c o n c e n tr a t io n  o f th e  g roup  r o s e  from  62«8 yum olo/1 *
to  63«6 y u m o le /l* , a lth o u g h  th e r e  w ere c o n s id e r a b le  v a r i a t i o n s  be tw een
in d iv id u a l s  ( s e e  T a b le  3-1 )*
The mean :conal c le a r a n c e  o f th io c y a i ia te  o f th e  gro\:ip r o s e
f0om 1 1^ ml„/miiu to  2^2 ml«/mino which i s  a  s i g n ü ' le a n t  change
(p  < 0 . 01) .
RESPONSE OF 7 TOBACCO AMBLYOPIA PATIENTS 
TO t r e a t m e n t  w i t h  ORAL HYDROXOCOBALAMIN 
FOR 4 MONTHS
(Total C o b (Ô H ) = 8 4  m g . / 4  m onths )
C h a n g e  in VA,
{arbitrary units)
r m -  0 1 5
+ 2
3-02 01-0
Total H y d r o x o c o b a la m in (m g . ) /T o ta l  T o b a c c o  (oz.)
J
P:i.r/o 3 '‘5c R e la t io n s h ip  betw een  ohanp;e in  V isu a l A c u ity  i n  7 
Tobacco Am blyooia P a t i e n t s  and a  f r a c t i o n  r e p r e s e n t in r r  th e  
to ta l ,  riose o f HyclroxooobaXamin- and th e  t o t a l  Tobacco I n ta k e  
durinfT th e  4  m ontlis o f  t r e a tm e n t
“61 -
A lth o u g h  th e  changea  in  p lasm a ai-id u r in a r y  th io c ^ 'a n a te  
c o n c e n tr a t io n s  a r c  n o t  la rg e ^  th e r e  h a s  b e a n  v i s u a l  dii^rovem ont in  
a l l  th e  p a t i e n t s  i n  th e  group# V is u a l  a c iu ty  m easurem ents r e f e r  to  
th e  r i g h t ,  aye on ly^  and t h i s  c o n v e n tio n  h as been  ad h ered  t o  i n  th e  
re m a in d e r  o f  t h i s  tex t©  I n  th e  7 p a t i e n t s  r e c e iv in g  o r a l  hydroxo“ 
ooba lam in  th e ra p y ^  th e  mean r a t e  o f r e c o v e ry  o f  v i s i o n  was 1^5 u n i t s  
i n  4  m onths j o r  th e  e q u iv a le n t  o f a r i s e  i n  v i s u a l  a c u i ty  from  6/60 
to  b e t t e r  th a n  6 /2 4  on th e  S n e l le n  t e s t  t y p e , As w i th  th e  thio-» 
o y tu ia te  r e s u l t s p  th e  v a r i a t i o n  betw een i n d iv id u a l s  was o o n s id e ra b le p  
w ith  o n ly  one p a t i e n t  (AoCc) show ing s a t i s f a c t o r y  v isua]„ im provem ent 
o f  u n i t s  e f  t e r  th e  p e r io d  o f  t r e a tm e n t  «
As w i th  th e  i n t r  amuse id  a r  th e ra p y  p i t  seemed t h a t  th e  
consum ption  o f  to b ac co  and th e  d ose  o f  iiydrox-ocobalam in y^ould 
th e  r e s p o n s e  to  tre a tm e n to  V is u a l  im provem ent o v e r a  p e r io d  o f  4  
m onths o f  t r e a tm e n t  was com pared w ith  a  f r a c t i o n  r e p r e s e n t in g  th e  
t o t a l  amount o f . hyd rox ocoba lam in  in  mg® (8 4  mge o v e r th e  4  m onths 
p e r io d )  d iv id e d  by th e  t o t a l  consum ption  o f  to b a c c o  i n  d u r in g  
th e  p e r io d  # The r e s u l t s  a re  shown i n  P igo  g w hore a
n e g a t iv e  c o r r e l a t i o n  i s  e v id e n t  ( r  s: ™ 0«15)o P o u ld s  e t  a l ,  (1970) 
found  a  p o s i t i v e  r e l a t i o n s h i p  betw een  th e s e  two f a o to r a ^  in  p a t i e n t s  
r e c e iv in g  in tra m u so u la i '’ iiydroxooo'balam in t r e a tm e n t  ; w hich  su g g e s te d  
t h a t  th e  v i s u a l  im provem ent was b e s t  in  th o s e  r e o a iv in g  h ig h  d o se s  
o f  h^?droxocobaIsrain and sm oking l e a s t s
RESPONSE O F  7 T O B A C C O  AMBLYOPIA 
PATIENTS TREATED WITH ORAL 
HYDROXOCOBALAMIN FOR 4  M O N T H S
Total C o b  O H  = 84  m g . /4  m onths
Chcinge in V.A. 
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Total to b a c c o  consumption oz.
Figo R e la tio n sh ip  hety/aen the  change in  V isu a l A cuity  7
Tobacco Amblyopia P a t ie n ts  and th e  t o t a l  Tobacco In tak e  during
the  Ih months of treatm ent^
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Anomalous r e s u l t s  w ere  a ls o  o b ta in e d  when th e  v i s u a l  
im provem ent a f t e r  4  m onths o f  t r e a tm e n t  was com pared w ith  th e  t o t a l  
to b a c c o  in ta k e  o v e r t h i s  p e r i o d F i g *  3- 6* shows t h a t  a  p o s i t i v e  
r e l a t i o n s h i p  was o b ta in e d  be tw een  th e s e  two f a c t o r s .  T h is  i s  
c o n tr a r y  t o  th e  f in d in g s  o f F o u ld s  e t  a l .  ( 1970) ,  who found  an 
in v e r s e  r e l a t i o n s h i p  betw een  th e s e  two f a c t o r s .
SvinufiHjry y
The ch an g es  p la sm a  th io c y a n a te  c o n c e n tr a t io n  and i n  
r e n a l  c le a r a n c e  o f  th io c y a n a te  r e p o r te d  i n  t l r l s  s tu d y ,  s u g g e s t  t h a t , 
a s  w ith  th e  in tr a m u s c u la r  t r e a tm e n t  p th e  o r a l  hydroxocobalarn ln  i s  
im prov ing  th e  c o n v e rs io n  o f  c y a n id e  to  th io c y a n a te  and i t s  rem o v a l 
in  th e . u r  i n  Co
The c l i n i c a l  p i c t u r e  i s  u n c le a r ,  w i th  v i s u a l  im provem ent 
b e in g  o b se rv ed  in  a l l  th e  p a t i e n t s ,  as shown by th e  mean r a t e  o f 
re c o v e ry  o f  th e  group  o f 1 u n i t s ,  b u t w i th  v a r i a t i o n s  betw een  
th e  r e s p o n s e s  o f i n d iv id u a l s  in  th e  groups
The r e s u l t s  shown i n  F i g .  3 - 3 « and F i g .  3 -6 . 
c o u ld  be e x p la in e d  b y  v a r io u s  f a c t o r s „
1 . The- - p a t ie n ts  may be a b so rb in g  o n ly  v e ry  sm a ll q u a n t i t i e s  
o f  th e  p r e p a r a t i o n .
2 .  The p a t i e n t s  may be a b so rb in g  o n ly  a sm a ll  p r o p o r t io n  
o f  th o  p repau’a t io n  a s  ii5>-droxooobalajrdri, p e rh a p s  even  l e s s  th a n  
th e  700 jdiX^  sugfyested  p r e v io u s ly .
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3 . They may be a b so rb in g  a l l  th e  p r e p a ra t io n y  b u t  th e  
dosae-e i s  i n s u f f i c i e n t  to  p ro d u ce  s ic r n i f l e a n t  im provem ent.
4 .  The number o f  p a t i e n t s  s tu d ie d  i s  s m a l l ,  p ro d u c in g  
a ty p i c a l  r e s p o n s e s .  ^
_A
Hyclroxooobalam in and i t s  E f f e c t  on C yanide M e tab o lism .
To f u r t h e r  th e  s tu d y  o f  th e  e f f e c t  o f  hydroxocobalam in  on 
c y a n id e  and th io c y a n a te  m etabo lism , a number o f  non-am b lyop ic  s u b j e c t s ,  
b o th  sm okers and n o n -sm o k ers , w ere g iv e n  a  c o u rs e  o f h y d ro xocoba lam in . 
The s u b je c t s  ( i n - p a t i e n t s  beinry t r e a te d  f o r  c a t a r a c t )  w ere g iv e n  
5 mg. p e r  day f o r  e a c h  o f 3 d a y s . Blood and u r in e  c o l l e c t i o n s  w ere 
m ade, b e fo re  and a f t e r  th e  t r e a tm e n t .  M easurem ents o f  p lasm a  and 
u r in a r y  th io c y a n a te  l e v e l s  w ere u n d e rta k e n , f o r  th e  sm okers and n o n - 
sm okers s e p a r a t e l y ,  and f o r  th e  group as  a  w h o le . The sm okers and 
n o n -sm o k ers , b o th  m ale and fe m a le  were of co m parab le  a g e s .
( a )  Sm okers «• The r e n a l  c le a r a n c e  o f  th io c y a n a te  r o s e  from  
©.73 m l./m in . to  1 .0 8  m ]../m in ,, w h ile  th e  mean p lasm a  th io cy o rn a te  
c o n c e n tr a t io n  ap p ea red  to  f a l l  from  3A* ±  23 7^ .m ole /l. to  33 i .  11 / r n o le / l ,  
The mean 2 4 -h o u r u r in a r y  th io c y a n a te  c o n c e n tr a t io n  o f  th e  sm okers
d id  n o t a l t e r  s i g n i f i c a n t l y .
(b )  N on-sm okers -  The mean r e n a l  c le a r a n c e  o f  th io c y a n a te  
showed a s i g n i f i c a n t  r i s e  from  0 .8 6  rn l./im ln . to  1 .8 6  m l./m in ,
(0 .0 2  > p > 0.01 ) .  The moan p lasm a th io c y a n a te  ^ c o n c e n tra tio n , appeared  
to  f a l l  from  36 ±  18 / i r a o le / l .  to  28 ±  9 /^ m o le / l .   ^ a l th o u g h  n o t 
s i g n i f i c a n t l y .  The mean 2 4 -h o u r u r in a r y  th io c y a n a te  c o n c e n tr a t io n  o f 
th e  non-sm okers r o s e  from  3 3 /Ujnole/24 h r .  to  82 ^.m iole/24 h)%
' T h e re  w as t h e r e f o r e ,  no e v id e n ce  o f a  s i g n i f i c a n t  d a f f e r e n o e  
betw een  th e  e f f e c t  o f  hydroxocobalarn ln  on e i t h e r  th e  sm okers o r  
th e  non-sm okers ta k e n  s e p a r a t e l y .  When t h e s e  two g ro u p s  a rc  oombinecL
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s e v e r a l  i n t e r e s t i n g  r e l a t i o n s h i p s  emerge* A lthough  th e  mean p la sm a  
th io o y a n a te  c o n c e n tr a t io n  d id  n o t a l t e r  s i g n i f i c a n t l y ,  t h e r e  was 
a s i g n i f i c a n t  r i s e  in  th e  mean u r in a r y  th io c y m ia te  l e v e l  from  
41 j ;  22 p n o le /2 4  h r ,  t o  73 ±  11 /jm o le /24  h r .  (0 .0 2 >  P >  0 .0 1 ) ,
( s e e  F i g .  3 - 7 . ) .  T h is  s i g n i f i c a n t  r i s e  i n  u r in a r y  th i.o o y a n a te  l e v e l  
was accom panied by  a  s i g n i f i c a n t ;  r i s e  i n  r e n a l  c le a r a n c e  from  
0.81 m l./m 5n* t o  1 ,5  m l./m in *  (0*01 > P>  0 * 0 0 5 ), b u t  n o t  b y  any  
i n c r e a s e  i n  th e  24“ hour u r in e  volume * ( F ig .  3™8).
Summary *
mtcgafflttwwipng'iwjwwm m — *
I n  t h i s  s tu d y ,  hydroxocobalarn ln  t r e a tm e n t  cau sed  r i s e s  in  
th e  r e n a l  c le a r a n c e  o f  th io c y a n a te  i n  b o th  th e  sm okers and n on - 
sm o k ers , when ta k e n  s e p a r a t e l y ,  o r  t o g e th e r ,  and r i s e s  i n  th o  
u r in a r y  th io c y a n a te  c o n c e n tr a t io n  o f th e  g roup  as a  w h o le , w ith o u t  
a  s i g n i f i c a n t  r i s e  i n  u r in a r y  volum e. T hese changes s u p p o r t  th e  
p re v io u s  f in d in g s  t h a t  îiydroxooobalam in a c t s  by  a id in g  in  th e  
c o n v e rs io n  o f  c y a n id e  to  t l i io c y a n a te , and by e n h a n c in g  i t s  e x c r e t io n  
in  th e  u r in e *
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P o s s ib le  Mode o f  A c tio n  o f  T h e ra p e u tic  R ydroxooo'balam in
■iMiiiniiinitfmiiii ,11 nigMm-ww cirwn ............................  r" in  "tiT —r  I'lm n-Tr-rfi' ll—r T i ' ^ m ^ r t f «ammwr-aacKeacAKcmimi
H y d ro x o c o b a la rn ln  h a s  b e em  s u c c e s s f u l  i n  t h e  t r e a t m e n t  o f  a  
num ber o f  t o x i c  a m b ly o p ia s  b e l i e v e d  t o  b e  a s s o c i a t e d  w i t h  c y a n id e  
i n t o x i c a t i o n , S u c h  t h e r a p y  h a s  a l lo w e d  v i s u a l  im p ro v e m e n t i n  to b a c c o  
a m b ly o p ia  and  irü  L eb e r*  s  o p t i c  a t r o p h y  p a t i e n t s ,  e v e n  w hen s m o k in g , 
an d  t h e r e f o r e  c y a n id e  i n t a k e ,  in .  m a in t a in e d .  T h e  m ech an ism  o f  i t s  
a c t i o n  i s  n o t  c l e a r
I t  may com bine M ith  c y an id e  d i r e c t l y  t o  fo rm  cy an o co b alara in  
(Wokes & P i c a r d ,  1933) S m ith  ( 1961 ) p ro p o sed  t h a t  th o  n a w o -  
r e t i n a l  t o x ic  e f f e c t  o f  c y a n id e  in  v i ta m in  B 12 d e f i c ie n c y  c o u ld  
b e  e x p la in e d  by t h i s  c o n v e rs io n , and s tim rasted  t h a t  i n  v e iy  heavy  
sm o k e rs , w i th  a  presum ed in c re a s e d  c y a n id e  i n t a k e ,  a  much h ig h e r  
p r o p o r t io n  o f p la sm a  v ita m in  B 12 was i n  th e  fo rm  o f  cyano™ 
oo b a lam in  th a n  in  non-sm okers* W ilson  o t  a l ,  (1971 ) have s u b s ta n ­
t i a t e d  t h i s  p ro p o s a l  by show ing s i g n i f i c a n t l y  e le v a te d  p lasm a  
cyanoooba lam in  l e v e l s  i n  to b ac co  am b lyop ia , Leber* s  h e r e d i t a r y  
o p t i c  a tro p h y  and i n  o th e r  t o x ic  n e u ro p a th ie s ,  and p ro p o sed  t h a t  
t h i s  was e v id e n c e  o f e r r o r s  o r  f a i l u r e s  i n  c y a n id e  c lc to x if ic a tic n G  
B oxer & R ic k a rd s  (1932J showed t h a t  body t i s s u e s
c o n ta in  more th io c y a n a te  th a n  c y a n id e , and su g g e s te d  th a t , ,  i n  th e  
p r e s e n c e  of su c h  an e x c e s s ,  bydroxocobalam in  c o u ld  com bine w ith  
th io c y a n a te  to  fo rm  tb io o y an a to co b a le .m in  as Y?ell a s  co tib in in g  
w ith  c y a n id e  t o  fo rm  cya^oocobalamirio
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I n  a  l a t e r  r e p o r t  (Wolces & P i c a r d ,  1 955) y th e y  su g g e s te d  
t h a t  t h i s  th io cy an a to co b a lf,m .in  r e v e r te d  t o  o y an o co b a le in in , g iv in g  
up i t s  s u lp h u r  to  an a c t iv e  in te r m e d ia te ,  t o  fo rm  a  p o s s ib l e  p r e ­
c u rs o r  o f  s u lp h u r - c o n ta in in g  compounds su c h  a s  s u lp h u r  amino a c id s*
The cyanocobelam in  would th e n  lo s e  i t s  c y a n id e  to  r e g e n e r a te  b y d ro x o - 
o o b a la m in , and th e  c y a n id e  th u s  l i b e r a t e d ,  c o u ld  be c o n v e r te d  to  
th io c y a n a te  by  rh o d a n e s e , th e re b y  c o n p le t in g  th e  c y c le  ( s e e  F ig ,  1-7*)» 
V ita m ia  B 12 and S u lp h u r  Amino A cid s ,
C y s te in e  i s  d e r iv e d  from  m e th io n in e , an e s s e n t i a l  amino 
a c id ,  i n  s t e p s  th u s  «
M e th io n in e  H om ocysteine  —> C y s ta th io n in e  C y s te in e  •}* H om oserine
S e r in e
The n e t  e f f e c t  o f  th e  above r e a c t i o n  i s  an  exchange o f  th e  
su lp ).ihydry l g roup  o f h om ocyste ine  w ith  th e  h y d ro x y l g roup  o f  s e r in e  
in  a  p r o c e s s  term ed  tra n s s u lp h u ra t io H o  T h u s, i n  th e  b io s y i i th e s i s  
o f  c y s te in e , ,  th e  ca3?bon c h a in  a r i s e s  from  s e r i n e ,  w h ereas th e  
su lp h u i’ i s  d e r iv e d  from  me th io  n in e . The i n t e r  c o n v e rs io n  o f c y s te in e  
to  c y s t in e  o c c u rs  r e a d i l y  i n  th e  body*
Tho b io s y n th e s is  o f  m e th io n in e  i s  a  r e v e r s a l  o f th e  above 
p a th w ay , w ith  th e  f i n a l  s te p  b e in g  th e  m é th y la t io n  o f  hom ocyste ine  
b e l ie v e d  to  r e q u i r e  th e  p re s e n c e  of a v i ta m in  B 12 co-enzym e.
V itam in  B 12 I s  n o t a c t iv e  a s  a co-enzym e, f o r  any en zy m atic
«5s
r e a c t io n *  R a th e r  a  g ro u p  o f  r e l a t e d  s u b s ta n c e s ,  th e  v i ta m in  B 12
oo-enzym eso f u n c t io n  in  t h i s  c a p a c i ty .  The B 12 co-enz^nmes w ere
i n i t i a l l y  i s o l a t e d  hy B a rk e r  e t  aL* (1 9 5 3 ) , who showed t h a t  th e y
had th e  c y a n id e  r e p la c e d  a s  a  c o b a l t  l i g a n d ,  by  th e  5 "d eo x y ad en o sy l
g ro u p . The en zy m atic  c o n v e rs io n  o f  v i ta m in  B 12 to  th e  coenzymo B
12 r e q u i r e s  FAD, RADH, ATP and g lu ta th io n e  a s  c o f a c t o r s .  T h is
d eo x y ad en o sy l coenzyma B 12 i s  im p o r ta n t i n  th e  transnieth^^ '-lation  o f
o f h o m o cy s te in e  t o  m e th io n in e  th e  f i n a l  s t e p  i n  th e  b io s y n th e s is
o f  m e th io n in e  from  c y s t e i n e .  T h is  r e a c t i o n  i s  c o iip l ic a te d p  re q u jjr in g
3
NADHj FAD, S -a d e n o s y l m e th io n in e , N - m e th y l - to t r a h y d r o f o la t e  and 
th e  v i ta m in  B 12 coenzyiae.
N -m e tiiy l t e t r a h y d r o f o l a t e  H om ocysteine
NADH,F.AD, 8 -a d e n o s y l  m e th io n in e , ooenz^mie 
V B 12
M e th io n in e  -!* T e t r a h y d r o f o la te
The d e t a i l s  o f  th e  r e a c t i o n  a re  f a r  fro m  oleax% I t  h a s  been  
e s t a b l i s h e d  t h a t  th e  m eth y l g roup  of S -a d e n o sy l m e th io n in e  i s  n o t 
t r a n s f e r r e d  to  h o m o cy ste in e  i n  t h i s  r e a c t i o n ,  and t h a t  t h i s  
s u b s ta n c e  a c t s  o a t  a ly  t i c  a l l y  * R ecen t e x p e rim e n ts  have shown t h a t  a  
new fo rm  o f oobalam in  coenzyniO may p a r t i c i p a t e  i n  m e th io n in e  b io ­
s y n t h e s i s ,  M é th y la tio n  of f u l l y  red u c ed  hydroxocoba lam in  y i e l d s  
m o th y lo o b a la m in , Y/hich t r a n s f e r s  i t s  m etliy l g ro u p , b o th  n o n -  ' 
a n z y m a tic a H y ^  an d , a t  m  in c re a s e d  r a t e ,  e n z y m a tic a l ly  in  th e
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p re s e n c e  o f  th e  B 12 coenzym e. T h is  f i n d in g  s t r o n g l y  s u g g e s ts  t h a t
th e  coonzyme i s  an in te r m e d ia te  i n  n ^ th io n in e  b i o s y n th e s i s  *
5
I n  mammalian sy s te m s , N '-m e th y l t e t r a h y d r o f o l a t e  s e r v e s  a s  
a  m e th y l group  d o n o r f o r  m e th io n in e .b io s y n th e s i s  i n  a  r e a c t i o n  
r e q u i r i n g  c a t a l y t i c  am ounts o f  S -a d e n o sy l m e th io n in e .
T he in c r e a s e s  i n  p la sm a  and m rin a ry  th io c y a n a te  l e v e l s  
and i n  r e n a l  c le a r a n c e  of th io c y a n a te  b ro u g h t a b o u t by  t r e a tm e n t  
w i th  h y d ro x o co b a la rn ln , s u g g e s t  t h a t  i t s  mode o f a c t io n  i s  c o n ce rn e d  
w i th  'in c re a s tin g  th e  a v a i l a b i l i t y  o f s u lp h u r  i n  a  fo rm  a c c e p ta b le  
to  th e  c y a n id e  in  th e  c o n v e rs io n , t o  th io c y a n a te *  T h e ra p e u t ic  liydroxo" 
ooba].am in may th e n  a c t  d i r e c t l y  by  com bin ing  v / i th  c y a n id e  to  fo rm  
o y an o o o b a la iid n , w h ich  i s  e x c re te d  in  th e  u i 'in c e  I t  may a l s o , a s  th e  
th io c y an a to co b a la iT iin  p ro p o se d  by  Wokes & P ic a r d  (1 9 3 5 )?  a c t  a s  a  
c a r r i e r  o f s u lp h u r  i n  r e l a t i v e l y  h ig h  am ounts a s  shown l y  th e  r a t i o
o f  f r e e  c y a n id e  to  th io c y a n a te  in  body f l u i d s  w iiich  i s  i n  th e  o rd e r
o f 1 : 1000c H ydroxocobalarn ln  may a ls o  a c t  by r e p l e n is h in g  th e  body 
s t o r e s  o f  ad e n o sy l coenzym© B 12 and c o u ld ,  t h e r e f o r e  a c t  tire  o ugh 
m e th io n in e  and th e  o th e r  s u lp h u r  amino a c id s  t o  p ro v id e  th e  n e c e a s a ry
s u b s t r a t e s  f o r  th o  c o n v e rs io n  o f  c y a n id e  to  th io o y a n a te *
S u lp h u r  Amino A cids i n  th e  T rea tm en t o f C yan ide  I n t o x i c a t ion*
ORAL CYST ME THERAPY.
The f a i l u r e  o f a  p a t i e n t  to  d e to x i f y  c y a n id e  may be due to  
a d e f i c ie n c y  o f  v i ta m in  B 1 2 , th e  im p o rta n c e  o f  w h ich  h as  been  
d i s c u s s e d ,  o r ,  o f  some s u lp h u r  donor n e c e s s a ry  f o r  th e  c o n v e rs io n  
o f c y a n id e  to  th io o y a n a te .  One such  compound i s  th e  s u lp h u r  amino 
a c id ,  c y s t i n e ,  w e l l  known to  r e a c t  w i th  c y a n id e  to  y i e l d  c y s te in e  
and jB “ th io c y a n o a la n in e  ( V o ig t l in  e t  a l * , 1 9 2 6 ) , th e re b y  p ro v id in g  
a  p o s s ib l e  r o u te  f o r  th e  d e to x n f io a t io n  o f  c y a n id e . L a te r  w o rk e rs  
showed t h a t  th e  l a t t e r  ta u to m e r is e s  to  R - im in o -A - th ia z o lid in ©  carb™ 
o x y l ic  a c i d ,  th e  s t r u c t u r e  o f wiiich w as p ro v ed  by Wood & C ooley 
( 1956) .  They showed t h a t  up to  1 3 /  o f  c y a n id e  e n te r in g  th o  body 
c o u ld  bo re c o v e re d  in  th e  u r in e  as t h i s  comjpound, vd.th  th e  re m a in in g  
85 /  e x c re te d  in  th e  u i 'in e  a s  th io o y a n a te *
The u se  o f c y s t in e  in  th e  t r e a tm e n t  o f  c o n d i t io n s  a s s o c ia te d  
w i th  c y a n id e  i n t o x i c a t i o n  h as  been  su g g e s te d  by O suntokun ©t a l .  
( 1968) i n  a  s tu d y  o f  t r o p i c a l  a ta x ic  n e u ro p a th y , thou^ght to  be  
c a u se d  by consum ption  o f  th e  o y a n id e -c o n ta in in g  f o o d s t u f f ,  cassav a*  
T h is  c o n d i t io n  was accom panied by  e le v a te d  l e v e l s  o f  th io c y a n a te  
in  p lasm a  and in  th o  u r i n e ,  and by  red u ced  plasn?©. l e v e l s  o f  su lp h u r  
amino a c i d s ,  in c lu d in g  c y s t in e *  They su g g e s te d  t h a t  t h e r e  may be 
a c o n d it io n e d  a b n o rm a lity  o f c y an id e  m etabo lism  a r i s i n g  from  th e
ALTERATION IN PLASMA S C N “  C O N C E N T R A T IO N  
IN 6  T O B A C C O  AMBLYOPIA PATIENTS BEFORE 
A N D  AFTER 4 M O N T H S  O R A L  C Y ST IN E
(Total C y s t in e  x 4 8 0  g m . / 4  m o n th s )
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T ab lo  3-’2o P lasm a  T h io c y a n a te  and V isu a l  Acu i t y  r e s u l t s  from  6 
T obacco Am blyopia P a t i e n t s  r e c e i v i ng Or a l  (b /s t in e  (A J^%$/day f o r  
4  m onthsc V is u a l  im provem ent i s  e x p re ss e d  in  a r b i t r a r y  u n i t s ,  Y / i t h  
e ach  u n i t  r e p r e s e n t in g  a d o u b lin g  o r  h a lv in g  o f  th e  p r e v io u s ly  re c o rd e d
»  #1 migTiH III mnnr m . 4  i i r . j  n  — I t,    mm m ■ ■ i«^ « u*K^-3FTL"X>i.^ WtJ ;i w  —  J*.. #4 - , »^T'lr?T
V is u a l  A c u i ty , ( s e e  a l s o  p .  5 6 ,)*
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low p r o t e i n  in ta k e  and su b se q u e n t la c k  o f  su lp h u i’ am ino a c id s  to  
a c t  a s  s u b s t r a t e  f o r  c y a n id e  d e t o x i f i c a t i o n .  They t h e r e f o r e  p ro p o se d  
■ th o u s e  o f  c y s t e i n e ,  w h ich  i s  i n t e r c o n v e r t i b l e  w i th  c y s t in e  i n  th e  
b o d y , i n  th e  t r e a tm e n t  o f  t h i s  c o n d i t io n  w h ich  can  o b v io u s ly  b e  
r e l a t e d  t o  o th e r  n e u r o lo g ic a l  c o n d i t io n s  s i m i l a r l y  a s s o c ia te d  v /ith  
c y a n id e  to x l - c i ty .
T re a tm e n t was commenced on a g ro u p  o f  6 to b a c c o  am b ly o p ia  
p a t i e n t s  w i th  a p r e p a r a t i o n  o f o r a l  c y s t in e  a t  a  d o se  o f  4 .0  gm. 
p e r  d a y . A f te r  on© m onth on t h i s  t r e a tm e n t ,  5 o f  th e  g ro u p  v/oro 
shown to  have  in c r e a s e s  i n  p lasm a  and u r i n a r y  t l i io c y a n a tc  l e v e l s  
s i m i l a r  t o  t h a t  p r e v io u s ly  o b ta in e d  in  p a t i e n t s  t r e a t e d  vd .th  i n t r a ­
m u sc u la r h y d ro x o co b a la jiiin . The mean p lasm a th io o y a n a te  c o n c e n t r a t io n  
o f  th o  pToup r o s e  from  31 y u m o le /l, to  62 ;um ol© /lo , and th e  re n a l, 
c le a r a n c e  o f  th io c y a n a te  fro m  0 ,6  rnl*/m:ln. t o  3 .6  m l^ /m in , , b o th  o f 
th e s e  c h an g es  b e in g  s t a t i s t i c a l l y  s i g n i f i c a n t  (Oh1.sholm & ’Pett l^rev/f  
(1 9 7 0 ) .
A f te r  4  m onths on t h i s  t r e a tm e n t ,  th e  mean p lasm a thiocyc^_natc 
c o n c e n t r a t io n  o f  th e  g ro u p  r o s e  from  5 0 .5  ” 29 p m o le / l  t o  6ljy}. % 3 4 .6  
j M io l e / l o   ^ w hich  f a i l s  t o  be  s ig n i f ic .a n t  (P > C h 0 5 )«  T h ese  r o s i a l t s  
a ro  shown In  F ig ,  3'"54 and in  more d e t a i l  i n  T a b le  3 -2 .
The mean r a t e  o f  v is u a l, isiigprovamcnt; o f  th e  g roup  was 1 ,5
u n i t s  i n  th e  4- m onths of t r e a tm e n t ,  w hich  r e p r e s e n t s  an ii.:pi"ove;.nont 
in  v i s u a l  a c u i ty  o f  from  6 /6 0  to  b e t t e r  th a n  6 /2 4  S n e l le n  * To an a e s s
th e  p a t i e n t s ’, r e s p o n s e  to  th e  th e r a p y ,  th e  iraprovem ent in  v i s i o n
RESPONSE OF 5 TOBACCO AMBLYOPIA 
PATIENTS TO TREATMENT WITH ORAL CYSTINE 
FOR 4 M ONTHS
(Total cystine *  480 gm ./4 months
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F iru  R elation .sh ip  beW eon the  ohanp-e in  V isu a l Avsuxty in  5
Tobacco Amblyooia P a t ie n ts  end th e  t o t a l  Tobacco In tak e  dur in  o' 
th e  k  months of tre a tm en t u i t h  O ral C ystine/T here  i a  a  si/^n lfioon
c o r r e la t io n  ( r  -   ^ ?  = O^OOi)»
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o v e r  th e  p e r io d  o f  t r e a tm e n t  v?as compared w i th  th e  t o t a l  in ta k e  o f  
to b ao co  aJ-one« The r e s u l t s î  a r e  shown in  P i g .  3 -1 0 * , w here a  s ig »  
n i f l e a n t  in v e r s e  r e l a t i o n s h i p  i s  e v id e n t  ( r=  - 0 .^ 4 8 ,P = 0 .0 0 1 ) .  As w i th  
th e  p a t i e n t s  on in tr a m u s c u la r  hydroxocobalarn in  th e r a p y ,  v i s u a l  
im provem ent i s  b e s t  i n  th o s e  w ith  a low in ta k e  o f  to b a c c o .
The larp:© d o se  o f 4 .0  gra* o f  c y s t in e  p e r  day  i s  u se d  i n  an  
a t te m p t to  e n su re  t h a t  an  a d eq u a te  q u a n t i t y  o f  t h i s  r a t h e r  in s o lu b le  
s u b s ta n c e  i s  a b so rb e d , and t h a t  a  s u f f i c i e n t l y  h ig h  l e v e l  o f 
c y s t in e  i s  m a in ta in e d  in  th e  t i s s u e s  to  a id  in  th e  d e t o x i f i c a t i o n  
o f  c y a n id e .
I n  an e f f o r t  to  a s c e r t a i n  th e  p e rc e n ta g e  o f th e  o r a l  
p r e p a r a t i o n  o f  c y s t in e  a b so rb e d , e s t im a t io n s  o f  th e  l e v e l s  o f 
c y s t in e  i n  th e  ui^ine o f  p a t i e n t s  r e c e iv in g  t h i s  t r e a tm e n t  w ere 
u n d e r ta k e n . Tho r o s a l t s  i n d ic a te d  t h a t  th e  l e v e l s  o b ta in e d  i n  norm al 
arid i n  th o s  rnrinos w ere n o t  s t a t i s t i c a l l y  s i g r d f i c a n t l y  d i f f e r e n t ,  
and t h a t  th e y  f a l l  v /itjtûn  th e  p u b lis h e d  ra n g e s  f o r  c y s t in e  in  th e  
ux'inOo
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Surmnary.
I n  t h i s  s tu d y ,  th e  re s p o n se  to  o r a l  c y s t i n e  th e r a p y ,  i n  
te rm s  o f  th io o y a n a te ,  i s  s i m i l a r  to  th e  p r e v io u s  f in d in g s  w i th  i n t r a -  
m u sc u la r  h y d ro x o co b a la rn ln . The in c r e a s e s  i n  p la sm a  th io c y a n a te  and 
i n  r e n a l  o le .a ra n c e  o f th io c y a n a te  i n  p a t i e n t s  r e c e iv in g  o r a l  c y s t in e  
s u g g e s t  t h a t  th e  c y s t i n e  i s  p o s s ib ly  p r o v id in g  s u lp h u r  i n  a  fo rm  
a c c e p ta b le  f o r  th e  c o n v e rs io n  o f  c y an id e  t o  th io o y a n a te .  The s u lp h u r  
com ing from  c y s t in e  and h ence  c y s te in e  , c o u ld ,  v i a  m e th io n in e , 
s t im u la te  th e  s y n th e s i s  o f  o th e r  su lp h u r  amino a c id s  to  p ro v id e  
s u lp h u r  i n  a  fo rm  a c c e p ta b le  f o r  co m b in a tio n  w i th  th e  c y a n id e .  Some 
o f  th e  c y s t in e  may a ls o  d e to x i f y  cy an id e  b y  com bin ing  d i r e c t l y  w i th  
i t  to  fo rm  2 -im ino --4“ t h i a z o l i d l n e  c & rb o a y lic  a c id ,  w hich  can  th e n  
bo e x c r e te d  in  th e  u r i n e .
The re s p o n s e  to  th e r a p y ,  a s  shovm by  a  mean r a t o  o f  re c o v e ry  
o f  v i s i o n  o f th e  PToup o f  1 .5  u n i t s ,  was e n c o ir ra g in g , and was 
a p p a r e n t ly  d e p e n d e n t upon to b a c c o  in ta k e ,  a g g re e in g  w ith  f i n d in g s  
in  th e  p a t i e n t s  t r e a t e d  w dth  in tra rn u so u lax ' iriydroxocobalain in .
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O th e r  S o u rc e s  o f Su.lx)hur f o r  C yen ide  D ot o x i f  I c  a t  i o n .
GLUTATHIOI'ffi IN RED BLOOD CELLS.
The s u lp h u r« c o n ta in in g  p e p t id e ,  g l u t a t h i o n e ,  i s  b e l ie v e d  
t o  be  an im p o r ta n t  s o u rc e  o f  red u c ed  s u lp h h y d ry l  g ro u p s  i n  th e  
bloodo L in g  & Chow (1953) showed t h a t  ch an g es  i n  s o lu b le  s u lp h h y d ry l  
c o n te n t  i n  r e d  b lo o d  c e l l s  r e f l e c t e d  p r i m a r i l y  ch an g es i n  g l u t a ­
th io n e  l e v e l s .
V itam in  B 12 and G lu ta th io n e  L e v e ls .
L in g  & Ohow (1953) s tu d ie d  l e v e l s  o f  g lu ta th io n e  i n  th e  re d  
c e l l s  o f  v i.tam in  B 12 d e f i c i e n t  r a t s  and t h e i r  v i ta m in  B 12 «• 
i n j e c t e d  and norm al c o n t r o l s ,  and in  th e  b lo o d  c e l l s  o f p a t i e n t s  
w i th  p e r n ic io u s  anaem ia i n  r e l a p s e ,  b e fo r e  and a f t e r  t r e a tm e n t  w i th  
v lta ird .n  B 12 . They co n c lu d ed  t h a t  v i ta m in  B 112 d e f i c ie n c y  i n  r a t s  
caused  a  s i g n i f i c a n t  r e d u c t io n  i n  s o lu b le  suX phliydry l compounds in  
th e  b lo o d  ( a s  m easured by r e d  c e l l  g l u t a t h i o n e ) . A s im ila r ' ab ­
n o rm a li ty  was a l s o  o b se rv ed  i n  p a t i e n t s  v / i th  p e r n ic io u s  anaem ia  i n  
r e l a p s e .  A d m in is tr a t io n  o f  v ita m in  B 12 to  e i t h e r  d e f i c i e n t  r a t s  o r  
p e r n ic io u s  anaem ia  p a t i e n t s ,  was fo llo w e d  by  a  s ig n i f ic a n : t  r i s e  i n  
th e  l e v e l s  o f  s o lu b le  s u lp h i\y d ry l  compounds i n  th e  b lo o d , ■which 
e rv e n tu a lly  becam e s t a b i l i s e d  a t  a l e v e l  co m p arab le  to  th o s e  in  
n o rm a l, h e a l th y  i n d i v i d u a l s .
A l a t e r  r e p o r t  ( L in r  & Ohow,1 9% ) showed t h a t  th e  b lo o d
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l e v e l s  o f  g lu ta th io n e  i n  norm al r a t s  c o u ld  ha  lo w e re d  hy  th e  
f e e d in g  o f a h ig h  c a rb o liy d ra te  -  lov/ f a t  d i e t  c o u p le d  v /ith  g lu c o s e  
i n j e c t i o n s *  T h is  was ao co n p an ied  by a  r i s e  i n  b lo o d  s u g a r  l e v e l s  
w h ich  p e r s i s t e d  lo n g  a f t e r  th e  c e s s a t io n  o f  g lu c o s e  i n j e c t i o n s .  
S in c e  v i ta m in  B 12 d e f i c ie n c y  l ik e w is e  c a u s e s  th e  lo w e rin g  o f  
b lo o d  g l u t a t l i i o n e , th e y  su g g e s te d  t h a t  th e  h ig h  c a rb o h y d ra te  
i n t a k e  b ro u g h t a b o u t a  r a p id  d e p le t io n  o f  v i ta m in  B 12 s t o r e s  i n  
th e  b o dy , owing t o  in c r e a s e d  re q u ire m e n t f o r  th e  v i ta m in  in  
c a rb o h y d ra te  m etabo lism *  A d m in is tr a t io n  o f  g l u t a t h io n e  o r  v i.tam in  
B 12 low ered  th e  b lo o d  s u g a r  and the^*' co n c lu d ed  t h a t  th e  e f f e c t  o f  
t h i s  v i ta m in  on b lo o d  g l u ta th io n e  may b e  o f  s i g n i f i c a n c e  in  i t s  
r o l e  i n  m e ta b o lism . The r a p i d i t y  w ith  w h ich  g lu ts . t l i io n e  a c t s  to  
lo w er th e  b lo o d  su g a r  a f t e r  i t s  i n j e c t i o n ,  s u g g e s ts  t h a t  i t  may be  
d i r e c t l y  in v o lv e d  i n  th e  u t i l i s a t i o n  o f  c a rb o h y d r a te .  T h is  su p p o s -  . 
i t i o n  i s  s u b s t a n t i a t e d  by  th e  o b s e rv a t io n s  o f  C a v a i l  i n i  ( 1951) on 
th e  r o l e  o f g lu ta th io n e  i n  th e  co u p led  o x id a t iv e  d e c a rb o x y la t io n  o f  
p y r u v a te ,  and o f  R anker (1951) on th e  m echanism  o f g ly o x a la s e  
f u n c t io n  and by  th e  d is c o v e ry  by K rim sky & R ack e r ( 1 952) t h a t  
g lu ta t l i l o n e  i s  th e  p r o s t h e t i c  g roup  o f  y -p h o sp h o g ly c e ra ld e h y d a  
dehyd rogenaseo
Red C e l l  G lu ta th io n e  in  Tobaoco /m ib lyop ia .
From th e s e  f in d in g s  o f  L in g  & Chow ( 1 95.% 54) ? i t  seem ed 
r e a s o n a b le  t o  e x p e c t  re d u c e d  l e v e l s  o f g lu ta th io n e  in  th e  re d  c e l l s  
o f  p a t i e n t s  s u f f e r in f r  from  to b ao co  a m b ly o p ia , w h ich  m ost r e a d i l y
RED CELL G L U T A T H I O N E  LEVELS 
OF  T O B A C C O  A M B L Y O P I A  A N D  
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3 -1 1 . L e v e ls  o f  Red C e l l  G lu ta tirlon©  i a  32 T obacco Am blyopia 
p a t i e n t s  and in  34 Normal S u b je c ts ,  T h e re  i s  a  s i g n i f i c a n t  > 
d i f f e r e n c e  (P<^0 .0 0 5 ) «
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d e v e lo p s  i n  p a t i e n t s  whose d i e t a r y  v i ta m in  B 12 o r  a b s o rp t io n  o f 
v i ta m in  B 1 2 , i s ,  f o r  some r e a s o n ,  d e f e c t i v e .  F o u ld s  e t  a l .  ( 1 969) 
r e p o r t e d  t h a t  i n  a  g ro u p  o f  65 to b a c c o  a jnb lyop ia  p a t i e n t s ,  40  % 
showed re d u c e d  serum  l e v e l s  o f  v i.tam in  B 12 and 45 % had d e f e c t i v e  
v i ta m in  B 12 a b s o r p t io n ,  and t h a t  th e  l e v e l s  o f  serum  v i ta m in  B 12 
i n  to b a c c o  am b ly o p ia  w as s i g n i f  i o a n t l y  Icv /er th a n  i n  n o rm a l, n o n - 
am b lyop ic  s u b j e c t s .
The l e v e l s  o f  g lu ta th io n e  i n  th e  r e d  c e l l s  o f  32 to b ao c o  
am b ly o p ia  p a t i e n t s  w ere m easu red . C are  vras ta k e n  t o  e x c lu d e  from  th e  
s tu d y  apy su c h  p a t i e n t s  who a ls o  had th e  accom panying c o n d i t io n  o f 
p e r n ic io u s  a n ae m ia , w h ile  th e  re m a in d e r  w ere presum ed to  ahve a  
no rm al \ l t a m i n  B 12 s t a t u s .
F i g .  3“ 11 . shows th e  c o n c e n tr a t io n  o f  g l u t a t h io n e  i n  th e  
re d  c e l l s  o f  32 to b a c c o  am b ly o p ia  p a t i e n t s  com pared v .dth t h a t  o f  34 
n o rm a l, n o n -am b ly o p ic  s u b j e c t s .  The norm al s u b j e c t s  w ere  th o s e  u sed  
by  a  c o l le a g u e  i n  th e  R oyal In f i rm a r y  a s  c o n t r o l s ,  a n f  w e re , 
t h e r e f o r e  n o t e x p e c te d  to  have e i t h e r  p e r n ic io u s  a n a e n la  o r  to b a c c o  
a m b ly o p ia . The a g e s  in. b o th  .groups w ere co m p arab le  and th e  e s t im a t io n  
c o n d i t io n s  w ere i d e n t i c a l . G lu ta th io n e  c o n c c ïitr a t i o n s  w ere  e x p re s s e d  
a s  mg. o f  g l u t a t h i o n e  ( G. 8*11, ) p e r  gm. o f  haem og lob in  (Hb) o.
L in g  & Chow ( 1953) r e p o r te d  t h a t  th e  l e v e l  o f  g l u t a t h io n e  
i n  norm al h e a l t l y  l a d i v i d u a l s  ra,nged from  22Q « l ' / 2 7 0 00 ï3Û<,’ c/t 
c e l l s ,  w h ich , assum ing  bxi a v e ra g e  v a lu e  o f  15 gm, o f  Hb p e r  100 m l. 
of w hole  b lo o d  c o n v e r t s  to  2 .0 3  to  2 .5  mgo/p:m, o f  Hbt T hese  r e s u l t s
RELATIONSHIP OF RED CELL GLUTATHIONE AND 
PLASMA THIOCYANATE IN TOBACCO AMBLYOPIA
G.S.H. concn. 
mg/gm Hb.
r = - 0 - 3 0  
P = 0  0 5
5 0
P lasm a  S C N  concn, um,/L.
100
F igo  R e la t io n s h ip  o f Red OeXX G lu ta th io n e  and P lasm a
T h io o y an a te  i n  Tobacco Amblyopia P a t i e n t s  d u r in g  tre a tm e n t*
-77"
w ere i n  a c c o rd  w i th  e a r l i e r  f in d in g s  o f  B e n e d ic t  & G o t t s o h a l l  (1 9 3 2 ) 
t h a t  th e  no rm al g l u t a t h io n e  c o n te n t  i n  human "blood av e rag e d  114 umole 
/ 1 00 m l, o f  w hole  b loody  o r  2 ,3  m g,/grn, o f  Hb, upon c o n v e r s io n .  The 
mean l e v e l  o f  g lu ta th io n e  i n  th e  norm al s u b j e c t s  o f  2 .01  0 ,6 0  mg®
/gm® o f  Hb*y was t h e r e f o r e  i n  co m p le te  arrffreem ent w i th  th e  pub­
l i s h e d  r a n g e ,  w h ile  th e  v a lu e  o f  0 .7 8 6  0 ,1 3  m g,/gm . o f H b ., fo u n d
i n  th e  to b a c c o  am b ly o p ia  p a t i e n t s ,  w as s i g n i f i c a n t l y  lo w er 
(0 ,0 1  > P >  0 .0 0 5 ) y and w e l l  o u t s id e  th e  no rm al r a n g e .
S e q u e n t ia l  m easu rem en ts o f  r e d  c e l l  g lu ta t i i io n o  and p la sm a  
th io o y a n a te  w ere  made i n  p a t i e n t s  r e c e iv in g  t r e a tm e n t .  The r e s u l t s  
a re  shown i n  F i g ,  3 - 1 2 . , ,  w h ich  s u g g e s ts  t h a t  t h e r e  i s  a  p o s s i b l e  
in v e r s e  r e l a t i o n s h i p  be tw een  th e s e  two f a c t o r s  ( r - - 0 ,3 0 y P  =0.05)®
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In  t h i s  s tu d y ,  th e  l e v e l s  o f g lu ta th io n e  i n  th e  re d  c o l l s  
o f  p a t i e n t s  s u f f e r in g  fro m  to b ac co  am blyop ia  w ere  fo u n d  to  be  s i g ­
n i f i c a n t l y  lo w er th an  th e  l e v e l s  in  th e  norm al s u b je c ts *  T h is  was 
n o t u n e x p e c te d , from  th e  p ro v en  v i ta m in  B 12 d e f i c ie n c y  i n  to b a c c o  
am b lyop ia  (H ea to n  e t  a l .  ,1 9 5 8 ;F o u ld s  e t  a l . , 1969) ,  and from  th e  
r e d u c t io n  i n  g lu ta th io n e  l e v e l s  d e m o n s tra te d  i n  v i ta m in  E 12 
d e f i c ie n c y  (L in g  & Chow, 1 953) s b u t  i t  i s  n o n e th e le s s  s u r p r i s i n g ,  s in c e  
c a r e  had b een  ta k e n  to  e x c lu d e  to b a c c o  am blyop ia  p a t i e n t s  w i th  knov/n 
p e r n ic io u s  am aeraia, and th e  to b a c c o  am blyopes exam ined w ere  presum ed 
to  have norm al v i ta m in  B 12 s t a t u s .
The p o s s ib l e  in v e r s e  r e l a t i o n s h i p  betw een  r e d  c e l l  g lu ta th io n e  
and x^lasma tb lo c y a n a te ,  makes i t  l i k e l y  t h a t  g lu ta th io n e  may bo i n ­
v o lv e d , e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  i n  th e  p ro d u c t io n  o f  su lp h u r  
f o r  th e  c o n v e rs io n  o f  c y a n id e  t o  th io o y a n a te .
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SECTION FOUR,
CONCLUSIONS<
T hese  s tu d i e s  su p p o r t  p re v io u s  s u g g e s t io n s  t h a t  oyaiiide  
i s  o f c o n s id e ra b le  im p o rtan c e  i n  th e  developm ent o f th e  to x ic  o p t ic  
n e u ro p a th ie s  d e s c r ib e d  h a r e ,  and t h a t  i t s  m etabo lism  i s  v e ry  c lo s e ly  
l in k e d  w ith  b o th  v i ta m in  B 12 and su lp h u r  an ino  a c id  m etabolism *
, In  p a r t i c u l a r ,  th e  r e s u l t s  su g g e s t th e  fo l lo w in g  -  
Tobacco smoke c o n ta in s  c y a n id e  « end e v id e n c e  of i t s  c o n v e rs io n  
to  th io o y a n a te  i s  th e  d e c re a s e  in  p lasm a th io o y a n a te  o b se rv ed  d u r in g  
a b s t in e n c e ,  fo llo w e d  by th e  r i s e  a ftex ' re su m p tio n  o f sm oking. A heavy 
to b ac co  consum ption  co u ld  th e r e f o r e  a llo w  a h ig h  in ta k e  o f  c y a n id e .
M easurem ents o f  p lasm a th io o y a n a te  in  p a t i e n t s  w ith  tobacco  
am blyopia and i n  th o s e  w ith  L e b e r’ s h e r e d i t  mi'y o p t ic  a tro p h y  vfho 
smoke, r e v e a le d  low er l e v e l s  th a n  th o s e  found  in  norm al (hori- 
am blyopic) sm okers. T h is  was s u r p r i s in g ,  s in c e  th e  to b a c c o , and 
p resum ab ly  c y a n id e  in ta k e  o f  th e s e  p a t i e n t s  ten d ed  to  be g r e a t e r  
th a n  t h a t  o f th e  norm al sm okers, and does sugprefôt t h a t  i f  c y an id e  
d e r iv e d  fx'om to b acco  sm oke, i s  to  be  c o n s id e re d  im p o r ta n t i n  th e  
developm ent o f th e s e  c o n d i t io n s ,  th o se  p a t i e n t s  r e v e a l  a red u ced  
a b i l i t y  to  c o n v e r t oyaiaide to  th io o y a n a te ,  w hich c o u ld  a ls o  a:?noXain 
th e  e le v a te d  l e w t l s  o f c y a n id e  found  in  th e  p lasm as o f  su ch  p a t i e n t s .
Tobacco cunblyopia mid L e b e r 's  h e r e d i ta r y  o p t ic  a trop )\y
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p a t i e n t s  show an a p p a re n t  im pa irm en t i n  t h e i r  e x c r e t i o n  o f  th io o y a n a te  
i n  th e  u n t r e a te d  s t a t e .
The i n c r e a s e s  i n  p lasm a  and u r in a r y  th io o y a n a te  and i n  i t s  
e x c r e t io n  d u r in g  th e  t r e a tm e n t  o f  b o th  to b a c c o  am b ly o p ia  and L e b e r’ s  
h e r e d i t a r y  o p t i c  a tro p h y  p a t i e n t s  w ith  in tr a m u s c u la r  hy d ro x o co b a la tm n  
s u g g e s t  t h a t  i t  i s  a c t in g  by  making more s u lp h u r  a v a i l a b l e  f o r  th e  
c o n v e rs io n  o f  c y a n id e  t o  th io o y a n a te ,  and by f a c i l i t a t i n g  i t s  e x c r e t io n ,  
p e rh a p s  by  r e p l e n i s h in g  th e  body s t o r e s  o f A denosy l ooensym e B 1 2 , 
n e c e s s a ry  f o r  th e  b i o s y n t h e s i s  o f  m e th io n in e  and o th e r  s u lp h u r  smino 
a c id s*
T h ere  i s  no c o rre s p o n d in g  v i ta m in  B 12 d e f i c ie n c y  i n  L e b e r’ s  
h e r e d i ta i 'y  o p t i c  a tro p l iy , y e t  th e  r e s p o n s e  to  t h e r a p e u t i c  h y d ro x o - 
c o b a la m in , i n  te rm s  o f th io o y a n a te ,  s u v r e s t s  t h a t  c y a n id e  i s  b e in g  
d e to x i f i e d  i n  much th e  same way. The i n h e r i t a b l e  f a c t o r  in  L e b e r’ s  
h e r e d i t a r y  o p t i c  a tro p h y  may b e  a  d e f e c t  i n  th e  p r e p a r a t i o n  of' a 
s u i t a b l e  s u lp h u r  d o n o r , e i t h e r  b e fo re  o r a f t e r  th e  p o in t  a t  w h ich  
ooensjyine B 12 i s  r e q u i r e d .
T h ese  i n c r e a s e s  i n  th e  c o n v e rs io n  o f c y a n id e  to  th io o y a n a te  
ecce accom panied  by v i s u a l  im provem ent ® T re a tm e n t may be  r e q u i r e d  f o r  
lo n g e r  p e r io d s  i n  L e b e r’ s  h e r e d i t a r y  o p t i c  atro%)hy p a t i e n t s  w here 
v i s u a l  im provem ent i s  p o o r ,  and i s  c o n tin u e d ,  p ro v id e d  s a t i s f a c t o r y  
e x c r e t i o n  o f th io o y a n a te  i s  m a in ta in e d .
A lth o u g h  rem ov ing  th e  in c o n v e n ie n c e  o f r e p e a te d  i n j e c t i o n s ,  
th e  u se  o f  o r a l  k)ydroxooobalam in h as n o t  b een  a s  s u c c e s s f u l  a s  th e
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in t r a m u s c u la r  b y d ro x o co b a lam in  t r e a tm e n t .  The g e n e r a l l y  p o o r v i s u a l  
im provem ent o b se rv e d  i n  p a t i e n t s  r e c e iv in g  o r a l  ty d ro x o o o b a la m in  may 
n o t  bo a  t y p i c a l  r e s p o n s e ,  b u t  may be due to  th e  s m a ll  number o f  
p a t i e n t s  s tu d ie d  a n d /o r  p ro b lem s i n  a b s o r p t io n  o f  s u f f i c i e n t  
q u a n t i t i e s  o f  th e  p r e p a r a t i o n ,  A f u l l e r  e v a lu a t io n  o f  th e  o r a l  
h y d ro x o co b a lam in  p r e p a r a t i o n  a s  a  re p la c e m e n t or su p p lem en t t o  th e  
in t r a m u s c u la r  bydroxoooba].am in th e ra p y  m ust t h e r e f o r e  u s e  l a r g e r  
d o s e s  and a  l a r g e r  number o f p a t i e n t s .
The s u p p ly  o f  a d d i t i o n a l  su lp h u r  d i r e c t l y ,  i n  th e  fo rm  o f  
o r a l  c y s t i n e ,  h a s  b e en  s u c c e s s f u l  in  th e  c o n v e r s io n  o f  c y a n id e  t o  
th io o y a n a te  a s  shown by th e  in c r e a s e s  i n  b o th  p la sm a  and u r in a r y  
th io o y a n a te  l e v e l s  s i m i l a r  to  th o s e  p r e v io u s ly  o b ta in e d  i n  p a t i e n t s  
t r e a t e d  v / i th  in t r a m u s c u la r  h y d ro x o c o b a la m n . As b e f o r e ,  th e s e  ch an g es  
have  a l s o  b e en  a co o n p a n ie d  by  im provem ent i n  th e  p a t ie n t s *  v i s i o n .
The s e a r c h  f o r  o th e r  p o s s ib le  s o u rc e s  o f  s u lp h u r ,  l e d  to  
th e  t r i p e p t i d o ,  g l u t a t h i o n e ,  known to  be  an im p o r ta n t  so u i'ce  o f  re d u c e d  
s u lp h ly d r y l  g ro u p s  i n  th e  b lo o d . M easurem ents o f r e d  c e l l  g lu t a t h io n e  
in  p a t i e n t s  w i th  to b a c c o  am b lyop ia  r e v 0al.ed lo v /e r l e v e l s  th a n  i n  
no rm al s u b j e c t s ,  even  when c a r e  had been  ta k e n  to  e x c lu d e  th o s e  
to b a c c o  am blyopes v/ho a ls o  hevd known p e r n ic io u s  anae-nûa .G -lu ta th ione  
i s  im p o r ta n t  in  th e  m a in ten a n ce  o f th e  a c t i v i t y  o f  s e v e r a l  enzy tnes, 
and a d e f i c i e n c y  o f  i t  may th e r e f o r e  a l s o  af’f e c t  th e  m etab o lism  o f 
many o th e r  com pounds, and n o t p s x t io u la r l ,y  th o s e  c o n ta in in g  sul% )hur,
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n e c e s s a ry  f o r  th e  c o n v e rs io n  o f  c y a n id e  to  th io o y a n a te .
The s u c c e s s  o f th e  o r a l  c y s t in e  p r e p a r a t i o n  i n  th e  t r e a tm e n t  
o f  to b a c c o  am b ly o p ia , to g e th e r  w i th  o f th e  f i n d in g  o f red u c ed  l e v e l s  
o f g lu ta th io n e  in . th e  r e d  c e l l s  o f  su c h  p a t i e n t s ,  s u g g e s ts  t h a t  f u t u r e  
i n v e s t i g a t i o n  sh o u ld  in c lu d e  a more com plete  s tu d y  o f  th e  genera], 
s u lp h u r  m etabo lism  o f th e  p a t ie n t s ^  w ith  p a r t i c u l a r  r e f e r e n c e  to  
th o s e  s u lp h u r  compounds and t h e i r  m e ta b o l i te s  c l o s e l y  in v o lv e d  ixi 
th e  d e t o x i f i c a t i o n  o f c y a n id e , w hich  a p p e a rs  to  be  th e  im p o r ta n t  
f a c t o r  i n  th e  developm en t o f th e  to x ic  o p t ic  n e u ro p a th ie s  d e a l t  w i th  
i n  th e s e  s t u d i e s .
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